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I'd. Abatract 
T h i s  s t u d y  has combined techn iques  o f  d e t a i l e d  i n v e s t i g a t i o n  o f  se- 
l e c t e d  human f r e e - f a l l  impacts  and computer s i m u l a t i o n  of r e p r e s e n t a t i v e  
fa1  1s i n  o r d e r  t o  expand knowledge o f  human impact  t o l e r a n c e .  O f  2100 f a 1  1  s  
o c c u r r i n g  i n  t h e  U .S .  and Canada, 110 cases were s e l e c t e d  f o r  o n - s i t e  i n -  
v e s t i g a t i o n  o f  b iomed ica l  and b i o p h y s i c a l  f a c t o r s .  Seven h e a d - f i r s t ,  two 
s i d e - f i r s t ,  and t h r e e  f e e t - f i r s t  f a l l s  were then  s i m u l a t e d  u s i n g  t h e  MVMA 
2 - D  Crash V i c t i m  S i m u l a t o r .  C h i l d r e n  were g e n e r a l l y  i n j u r e d  l e s s  s e v e r e l y  I 
t h a n  a d u l t s  under s i m i l a r  f a l l  c i rcumstances,  and tended t o  l a n d  on t h e i r  
heads a  g r e a t e r  p r o p o r t i o n  o f  t h e  t i m e .  I t  was found t h a t  s u r v i v a l  1 i m i  t s  
f o r  c h i l d r e n  may be h i g h e r  t han  p r e v i o u s l y  be1 i eved .  Body p o s i t i o n  a t  i m -  
p a c t  was a  m a j o r  f a c t o r  i n  r e s u l t i n g  i n j u r i e s .  I n  f a l l s  t o  r i g i d  s u r f a c e s  
c e r t a i n  t ypes  o f  i n j u r y  can be  p r e d i c t e d  on t h e  b a s i s  o f  age and f a l l  d i s -  
t ance .  Fo r  c h i l d r e n  under age 8 i t  i s  conc luded t h a t  a  c o n s t a n t  a c c e l e r a t i o n  
o f  up t o  350 G f o r  2 . 5 - 3  msec approaches t h e  s u r v i v a l  l i m i t  f o r  head impac ts .  
Fo r  c h i l d r e n  younger t han  18 months t h e  minimum l i m i t  t o l e r a n c e  l e v e l  f o r  
r e v e r s i b l e  head i n j u r y  may be reached when f a l l  d i s t a n c e  i s  somewhat g r e a t e r  
t h a n  f o u r  f e e t .  
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CHAPTER 1 
INTRODUCTION AND BACKGROUND 
A .  Purpose  and Scope .  
The r e s e a r c h  d e s c r i b e d  i n  t h i s  r e p o r t  was u n d e r t a k e n  t o  
o b t a i n  d e t a i l e d  i n f o r m a t i o n  f rom s e l e c t e d  f r e e - f a l l  i m p a c t s  
t o  e s t i m a t e  impac t  t o l e r a n c e  v a l u e s  f o r  c e r t a i n  segments  o f  
t h e  p o p u l a t i o n .  The p o p u l a t i o n  g r o u p s  o f  p r i m a r y  i n t e r e s t  
were c h i l d r e n ,  t h e  e l d e r l y ,  and f e m a l e s  o f  any a g e .  The 
i m p a c t s  o f  p a r t i c u l a r  i n t e r e s t  were t h o s e  r e s u l t i n a  i n  i n j u r i e s  
t o  t h e  head and lower  e x t r e m i t i e s ,  s i n c e  t h o s e  two t y p e s  o f  
i n j u r i e s  a r e  a l s o  f r e q u e n t l y  s e e n  i n  a u t o m o b i l e  c r a s h e s .  The 
methods u sed  t o  s t u d y  t h o s e  i m p a c t s  i n c l u d e d  i n - d e p t h  o n - s i t e  
i n v e s t i g a t i o n  and b i o m e d i c a l  and m a t h e m a t i c a l  r e c o n s t r u c t i o n .  
F o r  p u r p o s e s  of  t h i s  s t u d y ,  a  f r e e - f a l l  i s  d e f i n e d  a s  any  
unimpeded f a l l ,  jump, o r  d i v e .  T h i s  e x c l u d e d  s u c h  i n s t a n c e s  
a s  i n d i v i d u a l s  f a l l i n g  down s t a i r s ,  t u m b l i n g  f rom h i l l s i d e s  o r  
c l i f f s  where  numerous p r o j e c t i o n s  may b e  s t r u c k ,  f a l l i n g  w h i l e  
i n s i d e  a  v e h i c l e  ( s u c h  a s  d r i v i n g  o f f  a  b r i d g e ) ,  o r  f a l l i n g  on 
t h e  same l e v e l  ( s u c h  a s  s l i p p i n g  and f a l l i n g  on  a  we t  f l o o r ) .  
Human i m p a c t  t o l e r a n c e  may b e  d e f i n e d  i n  s e v e r a l  ways. 
S u b j e c t i v e  d i s c o m f o r t  d u r i n g  a  t e s t  e s t a b l i s h e s  one  l e v e l  o f  
human t o l e r a n c e ,  w h i l e  s u r v i v a l  v s .  n o n - s u r v i v a l  d e f i n e s  t h e  
e x t r e m e  l i m i t s  o f  t o l e r a n c e .  I n t h i s  s t u d y ,  two l i m i t s  o f  
human impac t  t o l e r a n c e  were c o n s i d e r e d .  The f i r s t  was f o r  
mode ra t e  i n j u r i e s ,  a s  d e s c r i b e d  by A b b r e v i a t e d  I n j u r y  S c a l e  (AIS) 
r a t i n g s  of  2 o r  3 (AAAM, 1 9 7 6 ) .  These  a r e  l i m i t s  a t  which some 
p e o p l e  w i l l  s u s t a i n  o n l y  s u c h  mode ra t e  i n j u r i e s .  The second  
was t h e  s u r v i v a l  l i m i t ,  t h e  l i m i t  a t  which many i n d i v i d u a l s  
s u s t a i n  c r i t i c a l  i n j u r i e s  i n  which s u r v i v a l  i s  u n c e r t a i n .  
T h i s  s t u d y  was c o n d u c t e d  u n d e r  s t a n d a r d s  e s t a b l i s h e d  by t h e  
U n i v e r s i t y  o f  Michigan Medica l  C e n t e r  Committee t o  Review G r a n t s  
f o r  C l i n i c a l  Resea rch  and I n v e s t i 9 a t i o n  I n v o l v i n g  Human B e i n g s ,  
and conformed t o  g u i d e l i n e s  o f  t h e  I n s t i t u t i o n a l  Guide t o  Depa r t -  
ment o f  H e a l t h ,  E d u c a t i o n  and W e l f a r e  P o l i c y  on P r o t e c t i o n  o f  
Human S u b j e c t s .  
Such i n j u r i e s  a r e  d e s c r i b e d  by A I S  r a t i n g s  of  5 .  T h i s  iarter 
group i n c l u d e s  i n j u r i e s  which may r e s u l t  i n  long- te rm o r  p e r -  
manent d i s a b i l i t y ,  b u t  which do n o t  a lways r e s u l t  i n  d e a t h .  
R e s u l t s  r e l a t e d  t o  b o t h  of  t h e s e  d e f i n i - t i o n s  of t o l e r a n c e  limits 
w i l l  be  p r e s e n t e d .  They a p p l y  t o  f a i r l y  s e v e r e  impact  e n v i r -  
onments f o r  s e l e c t e d  p o r t i o n s  of  t h e  poyul -a t ion ,  l i k e  c!l. .. l d r e n .  
Because of  t h e  v a r i a b i l i t y  among and wi th in  i nd iv f -dua l s  
i n  t h e i r  s u s c e p t i b i l i t y  t o  i n j u r y ,  l a r g e  and r e p r e s e n t a t i v e  
samples  a r e  n e c e s s a r y  t o  e s t a b l i s h  t h e  upps r  and Lower ex t r emes  
o f  human t o l e r a n c e .  T h e r e f o r e  i t  i s  i m p o r t a n t  t o  emphasize 
t h a t  t o l e r a n c e  l i m i t s  o b t a i n e d  i n  t h i s  and o t h e r  s t u d i e s  i n -  
v o l v i n g  r e l a t i v e l y  l i m i t e d  samples  shou ld  n o t  be m i s i n t e r -  
p r e t e d  a s  minimum v a l u e s  t h a t  can  be  e x p e r i e n c e d  by most of 
t h e  popuia t . ion  w i t h o u t  s e r i o u s  consequences .  T h i s  i s  p a r t i -  
c u l a r l y  t h e  c a s e  when c o n s i d e r i n g  t o l e r a n c e  i i m i t s  for mod- 
e r a t e  i n j u r i e s .  
The remainder  o f  t h i s  Chap te r  i n c l u d e s  a  d i s c u s s i o n  cf 
v a r i o u s  methods which may be  used t o  o b t a i n  impact  injury 
t o l e r a n c e  d a t a ,  background i n f o r m a t i o n  c o n c e r n i n g  f r e e - f a l l  
s t u d i e s  conduc ted  t o  d a t e ,  and enumera t ion  of t h e  p r i n c i p a l  
o b j e c t i v e s  o f  t h i s  s t u d y .  
B. Use o f  Human F r e e - F a l l  Data f o r  Deter~nAninq Impact. 
T o l e r a n c e  . 
I n j u r i e s  o f t e n  o c c u r  when t h e  occupan t  of a v e h i c l e  c o l l i d e s  
w i t h  i n t e r i o r  components o f  t h e  v e h i c l e  d u r i n g  a c r a s h .  'l'he 
p r e v e n t i o n  of  such  i n j u r i e s  p r e s e n t s  a  c h a l l e n g i n g  problem t o  
e n g i n e e r s  and d e s i g n e r s  o f  v e h i c l e s .  The components must be  
rugged enough t o  w i t h s t a n d  normal u s e  and a t  t h e  sa1n.e t i m e  have 
ene rgy  a b s o r b i n g  c h a r a c t e r i s t i c s  t h a t  minimize occupant.  i n j u r y  
i n  c a s e  o f  c o l l i s i o n .  Designs  t h a t  p r o v i d e  opti.rnun1. p r c r e c t i o n  
t o  occupan t s  r e q u i r e  t h e  knowledge o f  i m i ( ? c t  r e s p o n s e  c h a r a c t e r -  
i s t i c s  o f  t h e  human body, and t h i s  need h a s  l e d  t o  t h e  deve lop-  
ment of a  number of t e c h n i q u e s  f o r  a c q u i r i n g  human impact  
t o l e r a n c e  d a t a .  
Impact  t o l e r a n c e  i n f o r m a t i o n  i s  o b t a i n e d  from s e v e r a l  
s o u r c e s ,  i n c l u d i n g  c.spcl-imc\~l t i l l  t t \s t :: ( 7  t I I \ I I I I , I I \  v o l  1 1 1 1  ( > ( , I  :: , 
c a d a v e r s ,  and a n i m a l s ,  and from i n v e s t i g a t i o n  of  a u t o  c r a s h e s ,  
which p e r m i t s  a s s e s s m e n t  of i n j u r i e s  i n  r e l a t i o n  t o  c r a s h  
dynamics.  T h i s  i n f o r m a t i o n  i s  used  i n  t h e  d e s i g n  of  a n t h r o -  
pomorphic dummies which i n  t u r n  a r e  f r e q u e n t l y  used  i n  s t u d i e s  
which c o r r e l a t e  dummy r e s p o n s e s  t o  human i n j u r i e s .  Mathemat ica l  
model ing u t i l i z e s  d a t a  f rom a l l  o f  t h e s e  s o u r c e s  i n  a t t e m p t s  
t o  p r e d i c t  t h e  consequences  o f  i m p a c t s  under  a  s p e c i f i c  s e t  
o f  c o n d i t i o n s .  Each o f  t h e s e  d a t a  s o u r c e s ,  however,  ha s  
d i s t i n c t  l i m i t a t i o n s .  
Impac t  t e s t s  u s i n g  human v o l u n t e e r  s u b j e c t s  have  been  
conduc ted  p r i m a r i l y  by t h e  m i l i t a r y .  A s  a  r e s u l t ,  most o f  
t h e  d a t a  a r e  f o r  young a d u l t  male  s u b j e c t s .  These s t u d i e s  
a r e  l i m i t e d  b e c a u s e  t h e y  p r o v i d e  d a t a  f o r  a  r e l a t i v e l y  s m a l l  
segment o f  t h e  g e n e r a l  p o p u l a t i o n ,  and b e c a u s e  t h e  impac t  
f o r c e s  must be  k e p t  below i n j u r y - p r o d u c i n g  l e v e l s .  
Human v o l u n t e e r  t e s t i n g  h a s  r e q u i r e d  t h a t  t h e  imposed 
f o r c e  be i n c r e a s e d  g r a d u a l l y  and t h a t  t h e  t e s t s  b e  s topped  
e i t h e r  when t h e  s u b j e c t  f e e l s  s u b j e c t i v e  d i s c o m f o r t  ( t h e  
"ouch l e v e l " )  o r  when t h e  r e s e a r c h e r  f e e l s  t h a t  p r o c e e d i n g  
f u r t h e r  would p r e s e n t  a  r i s k  o f  i n j u r y  t o  t h e  s u b j e c t .  Thus ,  
such t e s t s  have g e n e r a l l y  remained a t  t h e  s u b j e c t i v e  i n j u r y  
l e v e l  and w e l l  below t h a t  a t  which s i g n i f i c a n t  o r  non-re-  
v e r s i b l e  i n j u r y  o c c u r s .  O c c a s i o n a l l y  i n  such  e x p e r i m e n t s ,  
e r r o r s  o c c u r  and s u b j e c t s  a r e  i n j u r e d .  For  example ,  a  male 
s u b j e c t  s e a t e d  i n  a  r i g i d  c h a i r  and s u b j e c t e d  t o  a  v e r t i c a l  
d r o p  a t  a  r e p o r t e d  maximum d e c e l e r a t i o n  o f  9 5  g  s u s t a i n e d  
m e s e n t e r i c  t e a r s  and o t h e r  abdominal  i n j u r i e s  (Swea r ingen ,  
1 9 6 0 ) .  I n  a n o t h e r  t e s t ,  a  r e a r - f a c i n g  s l e d  impac t  exceeded  
t h e  t e s t  p r o t o c o l  l i m i t  s u b s t a n t i a l l y ,  r eached  a  d e c e l e r a t i o n  
o f  8 3  g ,  and r e s u l t e d  i n  i n j u r i e s  (Beeding  and Mosely,  1 9 6 0 )  . 
A l s o ,  v a r i o u s  e j e c t i o n  t e s t s  have r e s u l t e d  i n  v e r t e b r a l  com- 
p r e s s i o n  f r a c t u r e s .  
Some non-impact human v o l u n t e e r  s t u d i e s  have been con- 
d u c t e d  f o r  o t h e r  segments  o f  t h e  p o p u l a t i o n ,  such  a s  k i n e m a t i c  
s t u d i e s  (Snyde r ,  e t  a l ,  1975a;  1 9 7 5 ~ )  i n  which t h e  b iomechanics  
o f  c e r v i c a l  hyperextension/hyperflexion i n j u r y  were  e x p l o r e d  
u t i l i z i n g  b o t h  male and f ema le  s u b j e c t s  from 18  t o  7 5  y e a r s  
o f  age .  However, t h e  dynamic t e s t i n g  was conduc ted  a t  v e r y  
low f o r c e  l e v e l s  ( o n e  g ) .  No tes ts  known t o  t h e  a u t h o r s  have 
i n v o l v e d  c h i l d r e n  i n  impac t  t e s t s .  
Conven t iona l  human v o l u n t e e r  t o l e r a n c e  t e s t i n g  h a s  ex- 
c luded  women, c h i l d r e n ,  and a l l  males  e x c e p t  t h e  young a d u l t  
i n  e x c e l l e n t  p h y s i c a l  c o n d i t i o n .  Ye t ,  o f  2 0 3  m i l l i o n  Americans 
i n  1962 ,  o n l y  a b o u t  3% were i n  t h e  c a t e g o r y  r e p r e s e n t e d  by 
v o l u n t e e r  t e s t s  t o  d a t a  ( P u b l i c  H e a l t h  S e r v i c e ,  1 9 6 2 ) .  I t  
i s  e v i d e n t  t h a t  t h e  a v a i l a b l e  t rauma t o l e r a n c e  d a t a  a r e  re- 
l a t i v e l y  l i m i t e d  i n  a p p l i c a t i o n .  
S i n c e  impac t  t e s t s  which produce  s i g n i f i c a n t  i n j u r y  can-  
n o t  b e  conduc ted  on human v o l u n t e e r s ,  a  number o f  r e s e a r c h e r s  
have u sed  human c a d a v e r s  f o r  t h i s  pu rpose .  I n  most  e a r l i e r  
s t u d i e s ,  embalmed c a d a v e r s  were u s e d ,  b u t  now t h e  emphas i s  
i s  s h i f t i n g  t o  u s i n g  f r e s h ,  unembalmed c a d a v e r s  i n  impac t  
t e s t i n g .  The a v a i l a b i l i t y  o f  c a d a v e r s  h a s  a lways  been l i m i t e d .  
Most c a d a v e r  work r e p o r t e d  t o  d a t e  h a s  been skewed toward t h e  
upper  a g e  l e v e l s  w i t h  few s u b j e c t s  below m i d d l e  a g e ,  and f ema le  
c a d a v e r s  a r e  v e r y  seldom used .  C h i l d  c a d a v e r s  a r e  v i r t u a l l y  i m -  
p o s s i b l e  t o  o b t a i n  and have been used  i n  o n l y  one  series o f  t e s t s  
r e p o r t e d  t o  d a t e .  These t e s t s  were per formed us in f f  f o u r  
c h i l d  c a d a v e r s  aged  2  t o  11 y e a r s  ( K a l l i e r i s ,  e t  a l ,  1 9 7 6 ) .  
However, t h e y  were  whole-body t e s t s  o f  r e s t r a i n t  sy s t ems  and 
n o t  body r e g i o n a l  impac t  t o l e r a n c e  d e t e r m i n a t i o n s .  L i m i t a t i o n s  
of  t e s t i n g  w i t h  c a d a v e r s  i n v o l v e  d i f f i c u l t i e s  w i t h  t h e  c o n d i t i o n  
of t h e  sample  ( c a u s e  o f  d e a t h  o r  a t y p i c a l  p h y s i q u e )  and i n  
d i f f e r e n c e s  between f r e s h  and embalmed spec imens .  F u r t h e r ,  
s i n c e  c a d a v e r s  c o n s i s t  o f  n o n - f u n c t i o n a l  p h y s i o l o g i c a l  s y s t e m s ,  
t h e i r  v a l i d  u s e  must  n e c e s s a r i l y  b e  r e s t r i c t e d .  
A wide r a n g e  of  a n i m a l s  have been used  a s  human s u r r o -  
g a t e s  i n  impact  s t u d i e s .  These  have i n c l u d e d  mice ,  p i g s ,  
b e a r s ,  d o g s ,  baboons ,  ch impanzees ,  and v a r i o u s  s p e c i e s  o f  
monkeys. Animals  a r e  i m p o r t a n t  t e s t  s u b j e c t s  a s  t h e y  a r e  
l i v i n g  ( f u n c t i o n a l )  sys t ems  t h a t  a r e  i n  many ways s i m i l a r  
t o  humans, and t h e y  may b e  s u b j e c t e d  t o  i n p a c t s  up t o  and 
beyond s u r v i v a l  l i m i t s .  Sub-human p r i m a t e s  have p r o b a b l y  
p r o v i d e d  t h e  b e s t  p h y s i o l o g i c a l  d a t a  i n  impact  t e s t s .  How- 
e v e r ,  t h e  e x t r a p o l a t i o n  o f  i n j u r y  and t o l e r a n c e  d a t a  from 
a n i m a l s  t o  humans h a s  been a  s u b j e c t  o f  c o n t r o v e r s y ,  and 
s c a l i n g  t e c h n i q u e s  have n o t  been p e r f e c t e d .  The u s e  of  
younq o r  i n f a n t  p r i m a t e s  i n  impac t  t e s t s  p r e s e n t s  a d d i t i o n a l  
d i f f i c u l t i e s  i n  a t t e m p t i n g  t o  match r e s u l t s  t o  s i m i l a r  
human physiological/chronological a g e s .  
Another  method o f  s t u d y i n g  impac t  t o l e r a n c e  i s  t h r o u g h  
i n - d e p t h  i n v e s t i g a t i o n  of  motor v e h i c l e  c r a s h e s .  The c l i n -  
i c a l  l i t e r a t u r e  c o n t a i n s  many d e s c r i p t i o n s  o f  i n j u r i e s  re- 
s u l t i n g  from au tomot ive  c o l l i s i o n s .  I n  c a s e s  where s u r g e r y  
o r  post-mortem a u t o p s y  i s  c a r r i e d  o u t ,  i n f o r m a t i o n  conce rn ing  
body o r g a n s  o r  sys t ems  most  v u l n e r a b l e  t o  impact  i s  o b t a i n e d .  
A l i m i t a t i o n  o f  such  s t u d i e s  i s  t h a t  t h e  p h y s i c i a n  o r  re- 
s e a r c h e r  must e s t i m a t e  b o t h  t h e  c o n d i t i o n s  a t  impac t  f o r  
many f a c t o r s  ( s u c h  a s  p o s i t i o n  o f  t h e  o c c u p a n t  o r  v e l o c i t y  
a t  t h e  time of  impac t )  and t h e  f o r c e s  t o  which t h e  i n j u r e d  
o c c u p a n t s  have been s u b j e c t e d .  
The p r e s e n t  s t u d y  h a s  used  i n v e s t i g a t i o n  o f  f r e e - f a l l s  
f o r  c o l l e c t i o n  o f  i n j u r y  d a t a  r e l a t e d  t o  s p e c i f i c  i m p a c t s  w i t h  
known s u r f a c e s .  The f r e e - f a l l  i n v e s t i g a t i o n  tech .n ique  h a s  
r e c e i v e d  c o m p a r a t i v e l y  l i t t l e  a t t e n t i o n  i n  t h e  p a s t ,  d e s p i t e  
hav ing  c e r t a i n  s p e c i f i c  a d v a n t a g e s  o v e r  o t h e r  methods d i s c u s s e d .  
The s u b j e c t s  a r e  human and i n v o l v e  a l l  a g e  g r o u p s  and b o t h  
s e x e s  and t h u s  p r o v i d e  a w i d e r  p o p u l a t i o n  sampl ing  p o s s i b i l i t y  
t h a n  w i t h  o t h e r  t e c h n i q u e s .  F a l l s  o c c u r  w i t h  s u f f i c i e n t  
f r e q u e n c y  s o  t h a t  c a s e s  c a n  be s e l e c t e d  a c c o r d i n q  t o  d e s i r e d  
c r i t e r i a .  The l i m i t a t i o n s  a r e  t h a t  t h e  e x a c t  s equence  of  
impac t  i s  n o t  u s u a l l y  known and t h a t  impac t  f o r c e s  must be  
c a l c u l a t e d .  However, by s e l e c t i n g  c a s e s  i n  which t h e  impac t  
s u r f a c e s  a r e  n o n - y i e l d i n g ,  t h e  e n v i r o n m e n t a l  f a c t o r s  can  be 
measured ,  and t h e  m e d i c a l  and r a d i o l o q i c a l  d a t a  a r e  a v a i l a b l e ,  
t h e  number of  v a r i a b l e s  i s  r educed .  By j u d i c i o u s  u s e  of 
ma thema t i ca l  model ing t e c h n i q u e s ,  e s t i m a t e s  o f  f o r c e s ,  a c c e l -  
e r a t i o n ,  and o t h e r  r e s p o n s e  p a r a m e t e r s  can  be made and t h e s e  
d a t a  can  shed  l i g h t  on t h e  impac t  t o l e r a n c e  c a p a b i l i t i e s  of  
t h e  human. 
Thus ,  f r e e - f a l l  i n v e s t i g a t i o n s  a r e  a v a l u a b l e  method 
of  o b t a i n i n g  impac t  t o l e r a n c e  d a t a ,  p a r t i c u l a r l y  f o r  c h i l d r e n .  
The t e c h n i q u e  i s  e s p e c i a l l y  u s e f u l  s i n c e  c h i l d r e n  have n o t  
been used  i n  v o l u n t e e r  impac t  tests and immature a n i m a l s  p r e -  
s e n t  p h y s i o l o g i c a l / c h r o n ~ g i c a l  a g e  e x t r a p o l a t i o n  prob lems .  
F r e e - f a l l s  o c c u r  t o  c h i l d r e n  o f  a l l  a g e s  and b o t h  s e x e s  o v e r  a  
wide r a n g e  o f  impac t  d i r e c t i o n s  and f o r c e s .  A s  t h e r e  was 
an  a l m o s t  comple t e  l a c k  of  impac t  t o l e r a n c e  d a t a  on c h i l d r e n ,  
t h i s  s t u d y  was e x p e c t e d  t o  p r o v i d e  i n f o r m a t i o n  t h a t  i s  d i r e c t l y  
needed ,  s u c h  a s  f o r  t h e  development  o f  in.proved c h i l d  a n t h r o -  
pomorphic dummies. 
C .  Background 
F a l l s  a r e  exceeded o n l y  by motor  v e h i c l e  c r a s h e s  a s  a 
major  c a u s e  o f  a c c i d e n t a l  d e a t h  i n  t h e  Uni ted  S t a t e s .  I n  
1976,  14 ,900  i n d i v i d u a l s  were  k i l l e d  i n  f a l l s ,  w h i l e  hundreds  
of  t h o u s a n d s  o f  a t h e r s  were i n j u r e d  ( N a t i o n a l  S a f e t y  C o u n c i l ,  
1 9 7 7 ) .  Recorded f r e e - f a l l s  o c c u r  a t  a  r a t e  o f  more t h a n  30 
p e r  day  a s  a  r e s u l t  o f  a c c i d e n t s ,  s u i c i d e ,  o r  homicide a t t e m p t s .  
However, i t  i s  s u s p e c t e d  t h a t  many f a l l s  a r e  n o t  r e p o r t e d  i n  
t h e  news media.  
To d a t e ,  t h e r e  have been few a t t e m p t s  t o  s t u d y  f r e e - f a l l s  
s c i e n t i f i c a l l y ,  even  though  t h e y  o c c u r  s o  f r e q u e n t l y .  The 
o n e s  which have a t t r a c t e d  a t t e n t i o n  have been c a s e s  i n  t h e  
m e d i c a l  l i t e r a t u r e ,  such  a s  a  320- foo t  f a l l  i n  1919 w i t h o u t  
f a t a l  i n j u r y  ( T u r n e r ,  1 9 1 9 ) ,  o r  r emarkab le  f a l l s  w i t h  i n -  
o p e r a t i v e  p a r a c h u t e s  (Alkemade, 1963; Meos, 1 9 6 3 ) .  I n  
Germany, B u r k h a r d t  (1939)  r e c o n s t r u c t e d  f o u r  c a s e s  o f  f a l l s  
o n t o  ha rd  s u r f a c e s  w i t h  an  emphasis  on t h e i r  v a l u e  a s  s o u r c e s  
o f  f o r e n s i c  i n f o r m a t i o n .  The f r e e - f a l l  i n v e s t i g a t i o n  t e c h -  
n i q u e  was p i o n e e r e d  by DeHaven a t  C o r n e l l  Medical  C o l l e g e ,  
who r e p o r t e d  i n  1942 on 8  c a s e s  of f r e e - f a l l  impac t s  w i t h  
s u r v i v a l .  A n i n t h  c a s e  was r e p o r t e d  i n  1948 (Defiaven and 
P e t r y ,  1948;  Hasbrook,  1 9 5 9 ) .  DeHaven conc luded  t h a t  t h e  
p r imary  c a u s e s  o f  i n j u r y ,  which he  a t t r i b u t e d  t o  impac t  and 
l o c a l i z a t i o n  o f  f o r c e ,  can b e  reduced  by p r o p e r  packaging  of  
t h e  v e h i c l e  occupan t  (DeHaven, 1 9 4 2 ) .  I n  1961,  Snyder  i n i t i -  
a t e d  an  e x t e n s i v e  program o f  f a l l  i n v e s t i g a t i o n  f o r  t h e  
P r o t e c t i o n  and S u r v i v a l  L a b o r a t o r i e s ,  C i v i l  Aeromedical  
Research  I n s t i t u t e ,  o f  t h e  F e d e r a l  A v i a t i o n  Agency 's  O f f i c e  
of  A v i a t i o n  Medicine.  I n  1962 a  c a s e  h i s t o r y  was p u b l i s h e d  
p r o v i d i n g  e x t e n s i v e  b i o p h y s i c a l  and med ica l  documenta t ion  
f o r  a  275- foo t  (84  m)  f r e e - f a l l  from t h e  Golden Gate  B r i d g e  
o n t o  e a r t h  (Snyde r ,  1 9 6 2 ) .  T h i s  p r o v i d e d  documenta t ion  i n -  
d i c a t i n g  t h a t  t h e  ex t reme l i m i t  o f  human s u r v i v a l  i n  t h e  
s e a t e d  p o s i t i o n  may be  c o n s i d e r a b l e  beyond t h e  assumed f a t a l  
i n j u r y  t h r e s h o l d .  T h i s  was fo l l owed  i n  1963 by p u b l i c a t i o n  
of an a n a l y s i s  o f  some 12,000 f r e e - f a l l s ,  o f  which more t h a n  
168 c a s e s  were  i n v e s t i g a t e d  i n  d e t a i l  (Snyde r ,  1963a ;  1 9 6 3 b ) .  
F a l l  d i s t a n c e s  r e c o r d e d  were up t o  275 f e e t  (84 m) and c a l -  
c u l a t e d  v e l o c i t i e s  of impac t  up t o  116 f t / s e c  ( 3 5  m / s e c ) .  
Impacted s u r f a c e s  s t u d i e d  i n c l u d e d  c o n c r e t e ,  a s p h a l t ,  r o c k ,  
g r a v e l ,  s o i l ,  wood, and s t ee l  (Snyde r ,  1962;  1963a;  1963b; 
1 9 7 0 ) ,  snow (Snyde r ,  1 9 6 6 ) ,  and w a t e r  ( S n y d e r ,  1965a;  1965b; 
Snyder  and Snow, 1967)  . 
S i n c e  t h e n  s e v e r a l  o t h e r  s t u d i e s  have been r e p o r t e d  i n  
which an  a t t e m p t  was made t o  d e t e r m i n e  r e 1 a t i o n s h i . p ~  o f  
f o r c e s  t o  i n j u r y  mechanisms. I n  Eqypt ,  E l -Assa l  (1963)  
examined 46 c a s e s  o f  i n j u r y  from f a l l s  i n  t e r m s  of  r e g i o n a l  
t rauma and biodynamics .  S t e c h  (1963)  under  an  A i r  Force  
c o n t r a c t ,  a t t e m p t e d  t o  r e l a t e  s e v e r i t y  o f  t rauma t o  v e l o c i t y  
change i n  some 30 moun ta inee r ing  a c c i d e n t s ,  many o f  which 
were n o t  t r u e  f r e e - f a l l s .  Grech (1964)  reviewed t h e  r a d i o -  
l o g i c a l  f i n d i n g s  o f  57 c a s e s  o f  f a l l s  from E a s t  A f r i c a n  coconu t  
t r e e s  and n o t e d  t h e  s i m i l a r i t y  between t h e  v e r t e b r a l  f r a c -  
t u r e s  t h a t  he obse rved  and t h o s e  r e s u l t i n g  from "backward 
p a r a c h u t e  l a n d i n g s . "  Lewis ,  e t  a 1  (1965)  p u b l i s h e d  a  s t u d y  
of  53 f a l l  c a s e s  a d m i t t e d  t o  Harlem H o s p i t a l  i n  N e w  York. 
A s i m i l a r  t a b u l a t i o n ,  w i t h o u t  s u p p o r t i n g  b i o p h y s i c a l  d a t a ,  
was compiled by C u m i n s  and P o t t e r  (1970)  i n  B r i s t o l ,  Enqland.  
They s t u d i e d  43 c a s e s  o f  head i n j u r y  a t t r i b u t e d  t o  f a l l i n g  
from a  h e i g h t  g r e a t e r  t h a n  1 0  f e e t ,  and i n c l u d e d  some c a s e s  
o f  i n f a n t s  and c h i l d r e n .  U n f o r t u n a t e l y ,  none o f  t h e  most 
r e c e n t  s t u d i e s  i n v o l v e d  o n - s i t e  i n v e s t i g a t i o n ,  and t h e  c a l -  
c u l a t i o n s  were based  upon e s t i m a t e s  o f  f a l l  d i s t a n c e s  t a k e n  
from t h e  c l i n i c a l  r e c o r d s .  An e x c e p t i o n  h a s  been t h e  s t u d y  
done o f  f r e e - f a l l s  from b r i d g e s  i n  Sydney and B r i s b a n e ,  
A u s t r a l i a  ( P e n f o l d ,  e t  a l ,  1966;  B a i l e y  and Tonge, 1967; 
Lane,  e t  a l ,  1 9 7 3 ) .  
Anatomical  d i f f e r e n c e s  r e l a t i n g  t o  impac t  r e s p o n s e  be- 
tween c h i l d r e n  and a d u l t s  have been d e s c r i b e d  by B u r d i ,  
e t  a 1  ( 1 9 6 9 ) ,  b u t  l i t t l e  i s  known a b o u t  c h i l d  t o l e r a n c e s  t o  
impac t .  F r e e - f a l l  impac t  i n j u r i e s  r e c e i v e d  by 19 c h i l d r e n  
from a g e s  1;s t h r o u g h  4 y e a r s  were  r e p o r t e d  by Snyder  (1963a;  
1 9 6 3 b ) ,  and i n  a  r e c e n t  s t u d y ,  Smi th ,  e t  a 1  ( 1 9 7 5 ) ,  a t  t h e  
U n i v e r s i t y  o f  Chicago ,  rev iewed 66 c a s e s  o f  f r e e - f a l l s  o f  
c h i l d r e n  t o  a g e  8 r e l a t i v e  t o  t h e  m e d i c a l / s u r g i c a l  problems 
posed by v e r t i c a l  f a l l s .  They found t h a t  f r a c t u r e s  o f  s k u l l s ,  
upper  e x t r e m i t i e s ,  and femurs  were most common; o n l y  one  p e l v i c  
f r a c t u r e  and one  c a l c a n e u s  f r a c t u r e  were r e c o r d e d .  Al though 
f a l l s  from h e i g h t s  o f  up t o  96 f e e t  (29  m )  were r e p o r t e d ,  t h e  
o n l y  env i ronmen ta l  i n f o r m a t i o n  u sed  was t h a t  r e p o r t e d  on t h e  
med ica l  c h a r t s ,  Body o r i e n t a t i o n  a t  impac t ,  impac t  s u r f a c e s ,  
and o t h e r  f a c t o r s  were n o t  v e r i f i e d ,  and h e i g h t  e s t i m a t e s  
f rom a d m i s s i o n  c h a r t s  were a c c e p t e d .  [ I n  c o n t r a s t ,  i n  o u r  
s t u d y ,  e s t i m a t e s  f rom a d m i s s i o n  c h a r t s  have been  shown t o  
o f t e n  b e  g r o s s l y  i n a c c u r a t e ,  u s u a l l y  by s u b s t a n t i a l l y  
o v e r e s t i m a t i n g  t h e  f a l l  h e i g h t . ]  
Ching ,  e t  a 1  ( 1 9 7 5 ) ,  have  r e p o r t e d  c a s e  s t u d i e s  o f  
c h i l d r e n  who s u f f e r e d  femur neck  f r a c t u r e s  due  t o  f a l l s  o r  
r o a d  a c c i d e n t s .  These  c h i l d r e n  v a r i e d  i n  a g e  f rom 5  t o  1 4  
y e a r s ,  b u t  t h e  i n j u r i e s  were n o t  i d e n t i f i e d  by c a u s e  o f  
i n j u r y .  F r a c t u r e s  t o  t h e  r a d i u s  and u l n a  o f  c h i l d r e n  up t o  
a g e  1 5  y e a r s  have  been  r e p o r t e d  r e c e n t l y  by Thomas, e t  a 1  ( 1 9 7 5 ) .  
They r e c o r d e d  375 f r a c t u r e s  i n  c h i l d r e n ,  b u t  f r e e - f a l l  c a s e s  
were n o t  i d e n t i f i e d .  
The most  d e t a i l e d  s t u d y  on i n f a n t  o r  c h i l d  t o l e r a n c e s  
was p u b l i s h e d  by Snyde r  ( 1 9 7 0 ) .  I n  t h i s  s t u d y ,  compu te r i zed  
c a t e g o r i z a t i o n  i d e n t i f i e d  f a l l s  by 3 ,153  c h i l d r e n  between 
a g e s  1-12.  F o s t  c a s e s  were  found u n s a t i s f a c t o r y  f o r  impac t  
a n a l y s i s  b e c a u s e  n o t  a l l  v a r i a b l e s  were known o r  c o u l d  b e  
v e r i f i e d .  However, 34 c a s e s  o f  f r e e - f a l l s  o f  c h i l d r e n  aged 
8 months t o  1 2  y e a r s  were i n v e s t i g a t e d  i n  d e t a i l ,  and  impac t  
d a t a  were r e p o r t e d  a s  a n  i n i t i a l  b a s i s  f o r  e s t i m a t i n g  c h i l d  
impac t  t o l e r a n c e s .  Al though  d a t a  were  l i m i t e d ,  t h e s e  were 
t h e  f i r s t  known r e p o r t e d  c a s e s  i n  which b o t h  p h y s i c a l  measure-  
ments  and b i o m e d i c a l  a n a l y s i s  had been  c o n c u r r e n t l y  o b t a i n e d .  
D. O b j e c t i v e s  
Two g e n e r a l  o b j e c t i v e s  were i d e n t i f i e d  a s  t h e  p r i n c i p a l  
g o a l s  o f  t h i s  r e s e a r c h .  The f i r s t  was t o  d e t e r m i n e  i f  a  
d e t a i l e d  s t u d y  o f  s e l e c t e d  f r e e - f a l l  a c c i d e n t s  c o u l d  p r o v i d e  
new i n f o r m a t i o n  a b o u t  t h e  a b i l i t y  o f  t h e  human body t o  t o l -  
e r a t e  impac t  f o r c e s .  The second  was t o  d e t e r m i n e  i f  a  com- 
p u t e r  model c o u l d  b e  u sed  t o  e s t i m a t e  human t o l e r a n c e  v a l u e s  
t h r o u g h  s i m u l a t i o n  o f  f r e e - f a l l s .  
I n  o r d e r  t o  o b t a i n  new i n f o r m a t i o n  f rom t h e  s t u d y  o f  
f r e e - f a l l s ,  s e v e r a l  s u p p o r t i n g  o b j e c t i v e s  were a d o p t e d .  
F i r s t ,  t h e  s t u d y  p o p u l a t i o n  was s e l e c t e d .  S i n c e  t h e  
l i t e r a t u r e  s u r v e y  had demons t r a t ed  a  l a c k  o f  t o l e r a n c e  
d a t a  f o r  c h i l d r e n ,  f e m a l e s ,  and t h e  e l d e r l y ,  i t  was d e c i d e d  
t o  c o n c e n t r a t e  t h e  r e s e a r c h  e f f o r t s  on t h o s e  g roups .  
Second,  a  method was e s t a b l i s h e d  t o  r e c e i v e  n o t i f i c a t i o n  
o f  f a l l s  and s e l e c t  t h o s e  t o  be  i n v e s t i g a t e d .  T h i r d ,  
i n v e s t i g a t i o n  c r i t e r i a  and t e c h n i q u e s  were  e s t a b l i s h e d  t o  
p r o v i d e  t h e  l eve l  o f  d e t a i l  n e c e s s a r y  t o  a c c u r a t e l y  re- 
c o n s t r u c t  t h e  c i r c u m s t a n c e s ,  impac t  s equences ,  and i n j u r y  
consequences  o f  f a l l s .  F i n a l l y ,  c r i t e r i a  were adop ted  
t o  e v a l u a t e  t h e  i n f o r m a t i o n  g a i n e d  i n  t h e  c a s e  i n v e s t i g a t i o n s  
f o r  a p p l i c a t i o n  t o  human t o l e r a n c e  d e f i n i t i o n .  
The u s e  o f  computer  s i ~ u l a t i o n  t o  e s t i m a t e  human t o l -  
e r a n c e  d a t a  a l s o  r e q u i r e d  a  s y s t e m a t i c  app roach  w i t h  s e v e r a l  
s u b - o b j e c t i v e s .  F i r s t ,  i t  was n e c e s s a r y  t o  d e m o n s t r a t e  t h a t  
t h e  chosen  model [ t h e  MVP,IA 2 - D  Crash  V i c t i m  S i m u l a t o r ,  
Ve r s ion  3 (Bowman e t  a l ,  1974 and 1 9 7 7 ) l  was e f f e c t i v e  i n  
s i m u l a t i n g  f r e e - f a l l s .  T h i s  was accompl i shed  by p e r f o r m i n a  
a  series of l a b o r a t o r y  f r e e - f a l l  t es ts  u s i n g  an an th ropo-  
morphic  dummy and s u c c e s s f u l l y  s i m u l a t i n g  dummy r e s p o n s e s  w i t h  
t h e  model. Second,  i t  was n e c e s s a r y  t o  e s t a b l i s h  b a s e l i n e  
human d a t a  f o r  t h e  p o p u l a t i o n  g roups  t o  b e  s i m u l a t e d .  T h i s  
r e q u i r e d  t h e  r ev i ew  o f  many d a t a  s o u r c e s  and t h e  deve lop -  
ment o f  t e c h n i q u e s  t o  a d a p t  t h e s e  d a t a  t o  s i m u l a t i o n  o f  
c h i l d r e n .  T h i r d ,  it was n e c e s s a r y  t o  d e v e l o p  a s i m u l a t i o n  
m a t r i x  t o  e f f i c i e n t l y  p r o v i d e  d a t a  f o r  comparison and 
e v a l u a t i o n .  F o u r t h ,  it  was n e c e s s a r y  t o  a n a l y z e  t h e  s imu l -  
a t e d  r e s p o n s e s  t o  p r o v i d e  e s t i m a t e s  o f  human t o l e r a n c e  
t o  impac t  i n j u r y .  T h i s  f i n a l  o b j e c t i v e  was accompl i shed  
p r i m a r i l y  by c o r r e l a t i n g  p r e d i c t e d  dynamic r e s p o n s e  p a r a -  
m e t e r s  w i t h  a c t u a l  i n j u r i e s  from i n v e s t i g a t e d  c a s e s .  
CHAPTER 2 
STUDY METHODOLOGY 
Research  t e c h n i q u e s  from s e v e r a l  d i s c i p l i n e s  were 
used  t o  accompl i sh  t h e  o b j e c t i v e s  o f  t h i s  s t u d y .  Tech- 
n i q u e s  d e r i v e d  from a c c i d e n t  i n v e s t i g a t i o n  methods,  
an thropomorphic  dummy t e s t i n g ,  and compu te r i zed  dynamic 
r e s p o n s e  s i m u l a t i o n  were combined t o  produce  t h e  r e s u l t s  
t h a t  a r e  d e s c r i b e d  and a n a l y z e d  i n  t h i s  r e p o r t .  The 
methods used  t o  conduc t  t h e  f i e l d  i n v e s t i g a t i o n s ,  pe r fo rm 
f r e e - f a l l  s i m u l a t i o n s ,  and a n a l y z e  t h e  d a t a  a r e  d i s c u s s e d  
i n  t h i s  c h a p t e r .  
A .  S e l e c t i o n  of  Cases  f o r  I n v e s t i g a t i o n  
1. Sources  o f  P o t e n t i a l  Cases .  I n f o r m a t i o n  abou t  
f r e e - f a l l s  may b e  o b t a i n e d  from law enforcement  a g e n c i e s ,  
ambulance s e r v i c e s ,  h o s p i t a l  emergency rooms, news media ,  
and p e r s o n a l  c o n t a o t .  The u s e  o f  p o l i c e ,  ambulance,  o r  
h o s p i t a l  s o u r c e s  i n  t h i s  s t u d y  would have r e q u i r e d  t h e  
e s t a b l i s h m e n t  o f  a  s p e c i a l  r e p o r t i n g  sys tem o u t s i d e  t h e  
scope  o f  normal  a c t i v i t i e s  f o r  t h e s e  a g e n c i e s .  T h e r e f o r e ,  
newspaper r e p o r t s  o f  f a l l s  were t h e  p r e f e r r e d  s o u r c e  
because  o f  t h e i r  p u b l i c  n a t u r e ,  r e a s o n a b l e  a c c u r a c y ,  and 
n a t i o n a l  c o v e r a g e ,  News r e p o r t s  were  r e a d i l y  a c c e s s i b l e  
t h rough  t h e  e s t a b l i s h e d  s o u r c e  of  a news c l i p p i n g  s e r v i c e .  
A t  t h e  i n i t i a t i o n  of  t h e  s t u d y ,  a  news c l i p p i n g  s e r v i c e  
was engaged t o  p r o v i d e  o r i g i n a l  c l i p p i n g s  o f  r e p o r t e d  f r e e -  
f a l l s .  T h i s  s e r v i c e  p r o v i d e d  comple t e  cove rage  of  a l l  
r e g u l a r l y  p u b l i s h e d  Eng l i sh - l anguage  newspapers  i n  t h e  
Uni ted  S t a t e s  and Canada and was c a p a b l e  o f  p r o v i d i n g  t h e  
s p e c i a l i z e d  t y p e  of  c l i p p i n g  needed f o r  t h e  s t u d y .  The same 
s e r v i c e  had a l s o  p r o v i d e d  c l i p p i n g s  f o r  e a r l i e r  f r e e - f a l l  
s t u d i e s  by t h e  s e n i o r  a u t h o r .  Newspaper i t e m s  r e l a t e d  t o  
f r e e - f a l l  a c c i d e n t s  were s e n t  t o  H S R I  e a c h  weekday t o  b e  
s c r e e n e d  f o r  p o s s i b l e  o n - s i t e  s t u d y .  
Personal contac ts  were a l so  used fo r  n o t i f i c a t i o n  of 
po ten t i a l  cases .  Colleagues and f r i ends  i n  a  posi t ion t o  
iden t i fy  f r e e - f a l l s  were contacted and asked t o  provide 
n o t i f i c a t i o n  i f  f a l l s  occurred i n  t h e i r  a reas .  Three 
on-si te  inves t iga t ions  r e su l t ed  from such n o t i f i c a t i o n s .  
2 .  Select ion C r i t e r i a  fo r  Case Inves t iga t ions .  An 
average of 6 0  c l ippings per week was received from the  
c l ipping  serv ice .  Each was read by both p r inc ipa l  inves t i -  
ga tors  and by the  pro jec t  coordinator and marked i f  of 
po ten t i a l  i n t e r e s t .  Several  c r i t e r i a  were used as  guide- 
l i n e s  i n  determining whether o r  not a  f a l l  should be con- 
sidered for  an on-s i te  inves t iga t ion .  
F i r s t ,  the f a l l  had t o  be a  f r e e - f a l l  a s  defined f o r  
t h i s  study. I f  the  newspaper a r t i c l e  indicated some i n t e r -  
mediate contact  p r i o r  t o  f i n a l  impact, such as  h i t t i n g  a  
bush or a  rock ledge, there  was usual ly  no fu r the r  consid- 
e ra t ion .  This c r i t e r i o n  a l s o  eliminated f a l l s  by para- 
c h u t i s t s  s ince  a  p a r t i a l l y  opened parachute would reduce 
the ve loc i ty  of t h e  subjec t  by an unknown amount and make 
it d i f f i c u l t  t o  ca lcu la te  the impact ve loc i ty .  
A second major consideration was t h a t  the  f a l l  environ- 
ment - locat ion and height of the  f a l l ,  t he  type of surface 
impacted - be determinable. I t  was necessary t h a t  the  s i t e  
be e s s e n t i a l l y  unchanged between the time of the  f a l l  and 
the time of the  on-s i te  v i s i t .  For t h i s  reason, many f a l l s  
a t  construct ion s i t e s  were nqt inves t iga ted ,  s ince  progress 
of t h e  construct ion ( o r  demolition) changed the  conditions 
from those a t  the  time of the f a l l .  For the  same reason, 
f a l l s  onto s o i l  and o ther  non-rigid sur faces  were usual ly  
not considered. Knowledge of permanent s o i l  deformation 
and s o i l  hardness were necessary fo r  successful  estimation 
of impact forces .  These fea tu res  usual ly  changed a f t e r  a  
f a l l  due t o  trampling of the  area and weather condi t ions,  
s o  f a l l s  o n t o  s o i l  were  n o t  u s u a l l y  c o n s i d e r e d  f o r  i n v e s -  
t i g a t i o n s .  A l s o ,  f a l l s  i n t o  w a t e r  o r  snow were n o t  i n -  
c l u d e d ,  s i n c e  t h e  p r e s e n t  s t u d y  was c e n t e r e d  on t o l e r a n c e  
t o  s e v e r e  impac t  c o n d i t i o n s  r e s u l t i n g  from c o n t a c t  w i t h  
more r i g i d  s u r f a c e s .  The p r e f e r r e d  s u r f a c e  f o r  t h e  p u r p o s e s  
o f  t h i s  s t u d y  was a  f l a t ,  l e v e l  c o n c r e t e  s idewa lk  o r  p a t i o .  
F i n a l l y ,  w h i l e  s u r v i v a b l e  f a l l s  f rom ex t r eme  h e i a h t s  were 
o f  some i n t e r e s t ,  t h e  m a j o r i t y  o f  f a l l s  c o n s i d e r e d  f o r  i n -  
v e s t i g a t i o n  were l i m i t e d  t o  t h o s e  under  30 f e e t  ( 9  m) . 
The t h i r d  major  c r i t e r i o n  used  i n  s c r e e n i n g  c l i p p i n a s  
was t h e  age  and s e x  o f  t h e  v i c t i m .  A s  i n d i c a t e d  i n  Chap te r  
1, t h i s  s t u d y  was i n t e n d e d  t o  a s s e s s  impac t  t o l e r a n c e  f o r  
segments  o f  t h e  p o p u l a t i o n  a b o u t  which l i t t l e  was known. 
T h e r e f o r e ,  p r e f e r e n c e  f o r  o n - s i t e  i n v e s t i g a t i o n s  was g i v e n  
t o  c h i l d r e n ,  f e m a l e s ,  and o l d e r  a d u l t s .  Un le s s  t h e r e  was 
a  c l o s e  p a r a l l e l  t o  an e x i s t i n g  c a s e  w i t h  a  c h i l d ,  most 
f a l l s  o f  males  i n  t h e  18 t o  40-year  age  r a n g e  were n o t  
c o n s i d e r e d .  The e x t e n t  and l o c a t i o n  o f  i n j u r i e s ,  i f  r e p o r t e d ,  
was a l s o  c o n s i d e r e d  i n  s e l e c t i n g  c a s e s .  F a t a l i t i e s  were 
u s u a l l y  e l i m i n a t e d ,  though  s e v e r a l  f a t a l i t i e s  from f a l l  
h e i g h t s  o f  8-15 f e e t  (2 .4 -4 .5  m) were i n v e s t i g a t e d  on t h e  
s u p p o s i t i o n  t h a t  a s u b t l e  d i f f e r e n c e  i n  t h e  body o r i e n t a t i o n  
a t  impac t  c o u l d  b e  t h e  d e c i d i n g  f a c t o r  i n  impac t  t o l e r a n c e .  
The p o r t i o n s  o f  t h e  body t h a t  were i n j u r e d  were  a l s o  of  
impor t ance ,  w i t h  head  o r  l e g  i n j u r i e s  s i m i l a r  t o  t h o s e  
f r e q u e n t l y  o c c u r r i n g  i n  au tomob i l e  c r a s h e s  b e i n g  g i v e n  
p r e f e r e n c e .  
As ide  from t h e  t h r e e  p r imary  c r i t e r i a  d e s c r i b e d  above ,  
o t h e r  items i n  t h e  newspaper  s t o r y  i n f l u e n c e d  whe the r  t h e  
c a s e  was s t u d i e d  o r  n o t .  I d e n t i f i c a t i o n  o f  i n v e s t i g a t i n g  
p o l i c e  o f f i c e r s ,  h o s p i t a l  names, and e x i s t e n c e  of  w i t -  
n e s s e s  were  p o s i t i v e  i n f l u e n c e s ,  w h i l e  p u b l i s h e d  t h r e a t s  
of legal a c t i o n ,  obv ious  s u i c i d e  a t t e m p t s  o r  p r o b a b l e  
i n a c c e s s i b i l i t y  t o  s u b j e c t  o r  l o c a t i o n  were  n e g a t i v e  o n e s .  
These l a t t e r  f a c t o r s  d i d  n o t  p r e v e n t  an i n v e s t i g a t i o n  
from being a t tempted i f  o t h e r  f a c t o r s  made t h e  c a s e  
p o t e n t i a l l y  v a l u a b l e .  
I n  summary, t h e  i n i t i a l  s c r e e n i n q  of  newspaper c l i p -  
p ings  was aimed a t  c r e a t i n g  a  f i l e  of  p o t e n t i a l  c a s e s  
i n v o l v i n g  f r e e - f a l l s  a t  a  r easonab ly  we l l -de f ined  and 
a c c e s s i b l e  l o c a t i o n  and o c c u r r i n g  t o  a  c h i l d  o r  o l d e r  
a d u l t .  
B.  Case I n v e s t i g a t i o n  Methods 
Free  f a l l s  i d e n t i f i e d  f o r  p o s s i b l e  i n v e s t i g a t i o n  were 
grouped by geographic  a r e a  and became t h e  b a s i s  f o r  
developing t r i p  i t i n e r a r i e s .  Loca t ions  f o r  o n - s i t e  i n -  
v e s t i g a t i o n s  were s e l e c t e d  by one of two means - e i t h e r  
a  t r i p  was planned t o  an a r e a  due t o  a  number of  p robab le  
c a s e s  i n  t h e  a r e a ,  o r  f r e e - f a l l  i n v e s t i g a t i o n s  were con- 
ducted  i n  con junc t ion  w i t h  o t h e r  t r a v e l .  The t r i p s  spec-  
i f i c a l l y  f o r  i n v e s t i g a t i o n s  were l i m i t e d  t o  a  600-mile 
r a d i u s  o f  Ann Arbor,  Michigan, w h i l e  c a s e s  a t  d i s t a n t  loca-  
t i o n s  i n  t h e  South and West were i n v e s t i g a t e d  i n  con junc t ion  
wi th  t r a v e l  on o t h e r  b u s i n e s s .  
P r i o r  t o  t h e  t r i p ,  t h e  i n v e s t i g a t o r  would r e - e v a l u a t e  
t h e  c l i p p i n g s  f o r  t h e  r e g i o n  of  i n t e r e s t  and s e l e c t  t h o s e  
of  primary i n t e r e s t .  Where t h e  c l i p p i n g  i n d i c a t e d  hospi -  
t a l i z a t i o n ,  t h e  d i s c h a r g e  d a t e  was sought  from t h e  h o s p i t a l .  
T h i s  was p r i m a r i l y  t o  a s s e s s  t h e  s e v e r i t y  of i n j u r y  ( a s  i n -  
d i c a t e d  by t h e  l eng th -o f - s t ay )  and t o  f i n d  o u t  whether o r  
n o t  t h e  i n d i v i d u a l  su rv ived  t h e  f a l l .  I n  t h o s e  i n s t a n c e s  
where a  c h i l d  f a t a l i t y  was t o  be  s t u d i e d ,  a  l e t t e r  was 
s e n t  t o  t h e  p a r e n t s  t o  e x p l a i n  t h e  s t u d y ,  seek  t h e i r  co- 
o p e r a t i o n  and n o t i f y  them of  an impending v i s i t .  
The f i e l d  i n v e s t i g a t i o n s  were conducted wi th  t h e  
o b j e c t  of o b t a i n i n g  s u f f i c i e n t  in fo rmat ion  t o  a l low re- 
c o n s t r u c t i o n  of  t h e  f a l l  and s i m u l a t i o n  o f  i t  u s i n g  
mathema t i ca l  t e c h n i q u e s .  Each i n v e s t i g a t i o n  had t h r e e  
major  e1emen t s : a ) conduc t  an i n t e r v i e w ,  b )  t a k e  measure- 
ments and c )  o b t a i n  med ica l  i n f o r m a t i o n .  
1. S u b j e c t  I n t e r v i e w s .  The s u b j e c t  o r  s u b j e c t ' s  
p a r e n t s  were o f t e n  c o n t a c t e d  a s  t h e  i n i t i a l  s t e p  i n  t h e  
i n v e s t i g a t i o n .  U s u a l l y ,  no c o n t a c t  was made w i t h  t h e  
s u b j e c t  p r i o r  t o  t h e  t r i p ,  s i n c e  t h e  s u b j e c t  was more 
l i k e l y  t o  p a r t i c i p a t e  i n  t h e  s t u d y  when approached by an  
i n v e s t i g a t o r  who had a l r e a d y  t r a v e l e d  t o  t h e  s u b j e c t ' s  
home. During t h e  i n t e r v i e w ,  t h e  e x a c t  l o c a t i o n  of t h e  
f a l l  was de t e rmined  t o g e t h e r  w i t h  a s  much i n f o r m a t i o n  a s  
p o s s i b l e  abou t  t h e  p o s i t i o n  of t h e  s u b j e c t  i m e d i a t e l y  
p r i o r  t o  and a f t e r  t h e  f a l l .  O c c a s i o n a l l y  a  s u b j e c t  cou ld  
r e c a l l  an impac t  sequence  f o r  v a r i o u s  p a r t s  o f  t h e  body,  
and t h e s e  d e s c r i p t i o n s  were  n o t e d .  The s u b j e c t ' s  h e i g h t ,  
we igh t  and d a t e  o f  b i r t h  were  r e q u e s t e d  and t h e  c l o t h i n g  
worn a t  t h e  t i m e  o f  t h e  f a l l  was n o t e d .  The i n v e s t i g a t o r  
t h e n  a sked  t h e  s u b j e c t  t o  d e s c r i b e  t h e  i n j u r i e s  r e c e i v e d  
i n  t h e  f a l l  and t o  a s s e s s  t h e  comple t enes s  o f  h i s  o r  h e r  
r e c o v e r y .  On many o c c a s i o n s ,  t h e  s u b j e c t  was a l s o  photo-  
g raphed .  
A t  t h e  c l o s e  o f  t h e  i n t e r v i e w  t h e  s u b j e c t  was asked  
t o  s i g n  a  med ica l  r e c o r d s  r e l e a s e  form. The r e l e a s e  form 
was s imply  worded and a s s u r e d  t h e  s u b j e c t  t h a t  t h e  r e c o r d s  
would be k e p t  c o n f i d e n t i a l .  The two forms shown i n  Appendix 
C were used :  a  f i r s t - p e r s o n  form f o r  an a d u l t  s u b j e c t  and 
a second-person form f o r  a  c h i l d  s u b j e c t .  A l a r g e  m a j o r i t y  
o f  s u b j e c t s  i n t e r v i e w e d  approved t h e  r e l e a s e .  Those who 
r e f u s e d  t o  approve  t h e  r e l e a s e  u s u a l l y  d i d  s o  because  of  
pending  l e g a l  a c t i o n  r e l a t i n g  t o  t h e  f a l l .  
2 .  Measurements a t  t h e  S i t e .  I n  most c a s e s ,  e s p e c i a l l y  
t h o s e  i n v o l v i n g  c h i l d r e n ,  t h e  s u b j e c t  f e l l  a t  o r  n e a r  
home. I n  t h o s e  i n s t a n c e s ,  t h e  i n v e s t i g a t o r  would a sk  t h e  
s u b j e c t  o r  w i t n e s s e s  t o  p o i n t  o u t  t h e  e x a c t  l o c a t i o n s  of 
t h e  f a l l  and i m p a c t ,  and he would t a k e  d i r e c t  measurements 
o f  t h e  f a l l  h e i g h t .  I f  t h e  s u b j e c t  f e l l  f rom i n s i d e  a  
b u i l d i n g ,  t h a t  l o c a t i o n  was a l s o  measured and pho tog raphed .  
Remaining measurements and pho tog raphs  were  comple ted  o u t -  
s i d e  t h e  b u i l d i n g  a f t e r  t h e  i n t e r v i e w .  I f  t h e  s u b j e c t  
l a n d e d  on s o i l ,  a  s m a l l  s o i l  sample  was o b t a i n e d  and a  
S o i l t e s t  Model CL-700 p e n e t r o m e t e r  was u sed  t o  e s t i m a t e  
s o i l  h a r d n e s s .  
Most o f  t h e  s u b j e c t s  who f e l l  w h i l e  on t h e  j o b  were 
a t  a  l o c a t i o n  r emote  f rom t h e i r  home. I n  a  m a j o r i t y  o f  
t h o s e  c a s e s ,  t h e  s i t e  was v i s i t e d  b e f o r e  t h e  s u b j e c t  was 
c o n t a c t e d .  Employers and p o l i c e  a g e n c i e s  were  found t o  
be  g e n e r a l l y  c o o p e r a t i v e  and it was u s u a l l y  p o s s i b l e  t o  
o b t a i n  t h e  needed measu re s  and pho tog raphs  t o g e t h e r  w i t h  
a d d i t i o n a l  d a t a  a b o u t  t h e  f a l l  c i r c u m s t a n c e s .  I n f o r m a t i o n  
g i v e n  by employers  and s u b j e c t s  was u s u a l l y  i n  c l o s e  
ag reemen t .  
3. Medica l  I n f o r m a t i o n .  Medical  i n f o r m a t i o n  was o b t a i n e d  
p r i m a r i l y  from two s o u r c e s .  F i r s t ,  d u r i n g  t h e  c o u r s e  
o f  t h e  i n t e r v i e w ,  t h e  s u b j e c t  was a s k e d  t o  d e s c r i b e  t h e  
i n j u r i e s .  The i n v e s t i g a t o r  e l i c i t e d  a s  much d e t a i l  a s  
p o s s i b l e  a b o u t  l o s s  o f  c o n s c i o u s n e s s ,  l o c a t i o n s  o f  b r u i s e s ,  
and minor  e x t e r n a l  i n j u r i e s  a s  an  a i d  i n  d e t e r m i n i n g  impac t  
s equences .  S u b j e c t  r e s p o n s e s  u s u a l l y  were  d e t a i l e d  and 
r e a s o n a b l y  a c c u r a t e ,  b u t  ranged  from v i r t u a l l y  no u s a b l e  
i n f o r m a t i o n  t o  c o p i e s  o f  med ica l  r e c o r d s  t h a t  t h e  s u b j e c t  
had o b t a i n e d  f rom a  p h y s i c i a n .  I n  many c a s e s  t h e  i n t e r -  
v i ewer  c o u l d  o b s e r v e  t h e  n a t u r e ,  e x t e n t  and l o c a t i o n  of  
e x t e r n a l  t rauma.  
The second  s o u r c e  of  m e d i c a l  i n f o r m a t i o n  was t h e  h o s p i t a l  
i n  which t h e  s u b j e c t  was t r e a t e d .  The Medica l  Records  Depar t -  
ment o f  t h e  t r e a t i n g  h o s p i t a l  was c o n t a c t e d  by t h e  i n v e s t i g a t o r ,  
e i t h e r  i n  p e r s o n  o r  by m a i l  a f t e r  r e t u r n i n g  t o  t h e  o f f i c e .  
When p o s s i b l e ,  t h e  e n t i r e  r e c o r d  was scanned  and any 
i n f o r m a t i o n  r e l a t i n g  t o  i n j u r i e s  and r e c o v e r y  from i n j u r i e s  
was n o t e d .  F o s t  i n f o r m a t i o n  was o b t a i n e d  from d i s c h a r q e  
summaries ,  emergency room r e c o r d s ,  p h y s i c a l  examina t ions  
a t  t h e  t,ime o f  a d m i s s i o n ,  and r a d i o l o g y  r e p o r t s .  Copies  o f  
t h o s e  r e c o r d s  were o b t a i n e d .  A f t e r  t h e  r e c o r d s  were  re- 
viewed,  and p a r t i c u l a r l y  i f  t h e  s u b j e c t  i n c u r r e d  bone f r a c -  
t u r e s ,  t h e  x - r ays  were  borrowed f o r  r ev i ew  a t  H S R I .  
4 .  O the r  Methods. C i r cums tances  o n - s i t e  o f t e n  r e s u l t e d  
i n  t h e  i n v e s t i g a t o r ' s  hav ing  t o  o b t a i n  i n f o r m a t i o n  from 
s o u r c e s  o t h e r  t h a n  t h o s e  ment ioned above.  The most  common 
o f  t h e s e  were  p o l i c e  r e p o r t s  and i n t e r v i e w s  w i t h  i n v e s t i g a t i n g  
p o l i c e  o f f i c e r s .  The p o l i c e  were o f t e n  h e l p f u l  i n  d e t e r m i n i n g  
t h e  e x a c t  l o c a t i o n  o f  a  s i t e  remote  from t h e  s u b j e c t ,  and i n  
p r o v i d i n g  names and a d d r e s s e s  of w i t n e s s e s .  Very seldom 
were any i n j u r y  d a t a  found i n  p o l i c e  r e p o r t s .  O the r  s o u r c e s  
used  r e g u l a r l y  were f i r e  d e p a r t m e n t  r e s c u e  squads  and ambul- 
a n c e  s e r v i c e s .  Loca l  newspapers  were u s u a l l y  c o n s u l t e d  f o r  
a d d i t i o n a l  l o c a l  cove rage .  O c c a s i o n a l l y ,  o t h e r  t e c h n i q u e s  
were adop ted  t o  l o c a t e  s u b j e c t s ,  o b t a i n  h e i g h t  measurements ,  
o r  f i l l  i n  o t h e r  d e t a i l s .  
5.  Case Repor t i ng  and Follow-Up. A f t e r  t h e  i n i t i a l  
i n v e s t i g a t i o n  o f  a  f a l l ,  a  n a r r a t i v e  r e p o r t  was p r e p a r e d  t o  
summarize t h e  c a s e  and r e c o r d  d e t a i l e d  i n f o r m a t i o n  abou t  
t h e  f a l l .  T y p i c a l l y  t h e s e  c a s e  r e p o r t s  c o n t a i n e d  a  b r i e f  
summary w i t h  i t e n i z e d  p e r t i n e n t  d a t a  fo l l owed  by n a r r a t i v e  
s e c t i o n s  d e s c r i b i n g  t h e  f a l l  env i ronmen t ,  a  d iagram w i t h  on- 
s i t e  measurements ,  a  d e s c r i p t i o n  o f  t h e  s u b j e c t ,  i n j u r y  and 
r e c o v e r y  d a t a ,  and o t h e r  comments p e r t i n e n t  t o  t h e  i n v e s t i -  
g a t i o n .  Any fo l low-up  items were  hand led  a t  HSRI by te le-  
phone o r  m a i l ,  u s u a l l y  by  t h e  p r o j e c t  c o o r d i n a t o r .  
C .  Gene ra l  A n a l y s i s  o f  Data  f rom C l i p p i n g s  and F i e l d  
I n v e s t i g a t i o n s  
1. P r e p a r a t i o n  o f  Punched Cards .  Data  f o r  e a c h  f a l l  
of  an  i n d i v i d u a l  were punched i n t o  a  McBee Keysort  r i m -  
punch c a r d  e s p e c i a l l y  des igned f o r  t h i s  s tudy .  T h i s  enabled  
a c c u r a t e  s o r t s  t o  be made f o r  s e l e c t e d  v a r i a b l e s  and f a c i l -  
i t a t e d  a n a l y s i s ,  a s  w e l l  a s  forming an e a s i l y - s t o r e d  i n -  
d i v i d u a l  r e c o r d .  In fo rmat ion  coded on t h i s  c a r d  inc luded  
a  f a l l  number ( a l l  c l i p p i n g s  d e s c r i b i n g  t h e  f a l l  of  a  par-  
t i c u l a r  person were g iven t h e  same number) ,  t h e  d a t e  of t h e  
f a l l ,  t h e  age and s e x  of t h e  i n d i v i d u a l ,  t h e  l o c a t i o n  and 
d e s c r i p t i o n  o f  t h e  f a l l ,  and,  when a v a i l a b l e ,  t h e  f a l l  
d i s t a n c e ,  m a t e r i a l  impacted,  body p o s i t i o n  a t  impac t ,  and 
t h e  i n j u r i e s  r e c e i v e d .  A second s e t  of  c a r d s ,  w i t h  s i m i l a r  
i n f o r m a t i o n ,  was p repared  f o r  t h e  i n v e s t i g a t e d  c a s e s .  The 
punched c a r d s  could  then  be s o r t e d  by v a r i a b l e  f o r  a n a l y s i s  
purposes .  
Also inc luded  on each c a r d  was in fo rmat ion  about  t h e  
type  of  f a l l .  A c l a s s i f i c a t i o n  system c o n s i s t i n g  of  e leven 
c a t e g o r i e s  of  f a l l s  was dev i sed .  Each f a l l  was a s s i g n e d  t o  
one of t h e  c a t e g o r i e s  d e s c r i b e d  i n  Table  1. The f a l l  c a t e p o r y  
was ass igned  based upon what t h e  v i c t i m  f e l l  from, r a t h e r  
than  what he  o r  she  landed on. C a t e g o r i e s  0 1 ,  0 2 ,  03, 05, 0 6  
and 11 r e l a t e  t o  g e n e r a l  s i t u a t i o n s ,  such a s  f a l l s  from b u i l d i n g s  
under c o n s t r u c t i o n  o r  r e p a i r ,  f a l l s  from rocky s u r f a c e s ,  and 
f a l l s  from s t r u c t u r e s  o t h e r  than  b u i l d i n g s .  C a t e g o r i e s  0 4 ,  0 7 ,  
08, and 09 r e p r e s e n t  f o u r  s p e c i f i c  k i n d s  of  h a z a r d s - - t r e e s ,  
skydiving a c c i d e n t s ,  s c h o o l s ,  and e l e v a t o r  s h a f t s .  The 
s p e c i f i c  c a t e g o r i e s  took precedence over  g e n e r a l  ones ,  s o  
t h a t  a  workman who f e l l  from a  l a d d e r  whi le  trimming a  t r e e  
would be  ass igned  t o  c a t e g o r y  0 4  ( t r e e s )  r a t h e r  than  ca tegory  
11 ( g e n e r a l  o c c u p a t i o n a l  f a l l s ) .  
2 .  Ana lys i s  from Punched Cards.  I t  was p o s s i b l e  t o  
d e r i v e  many u s e f u l  r e s u l t s  from t h e  c l i p p i n g  and c a s e  i n v e s t i -  
g a t i o n  d a t a .  The c l i p p i n g  d a t a  provided d e t a i l e d  in fo rmat ion  
about  t h e  number of f a l l s  r e p o r t e d  and about  t h e  d i s t r i b u t i o n  
of f a l l s  by t i m e  o f  yea r  and s e x  of  t h e  v i c t i m .  Also a v a i l a b l e  
from t h e  c l i p p i n g s ,  though i n  somewhat less d e t a i l ,  were 
TABLE 1 
Category Designations Used for Classifying News Clippings 
Category Types of Falls Included 
01 Falls from buildings under construction--multi- 
story construction sites, bridges and dams being 
built. 
0 2 Falls from buildings under repair and mainten- 
ance (any structure)--roofing, window-washing, 
painting, falls from ladders while repairing 
home, grain elevators, dismantling buildings, 
firefighters falling from buildings, etc. 
03 Falls from existing buildings (non-occupational) 
windows, balconies, fire escapes, roofs, railings, 
lofts, down air shafts, stair landings, open 
manholes (includes many suicide attempts). 
04 Falls from trees--playing, trimming. 
05 Falls from rock--quarries, mountain climbing, 
off ledges, into gorges, mine shafts, over 
cliffs, embankments, waterfalls. 
06 Falls from other structures (non-occupational)- 
bridges, dams, railroad trestles, ship masts, 
highway overpasses, bleachers, docks, towers, 
walls, chairlifts, clothes-poles, wells. 
07 Falls from airplanes and hang gliders (primarily 
skydivers) . 
08 Falls in schools--through skylights, in gym class, 
from diving boards, playground equipment. 
0 3 Falls in elevators and down elevator shafts. 
10 Miscellaneous--from joyriding, vehicles (non- 
occupational) . 
11 Other occupational falls during normal work-- 
telephone poles, lift trucks, overhead cranes. 
d i s t r i b u t i o n s  o f  f a l l s  by age  and c a t e g o r y  o f  f a l l ,  and 
by numbers o f  f a t a l i t i e s .  The s e t  of c a r d s  punched f o r  t h e  
c a s e  i n v e s t i g a t i o n s  p rov ided  d e t a i l e d  comparisons  f o r  s e x ,  
age ,  c a t e g o r y  o f  f a l l ,  f a l l  d i s t a n c e  and impact  s u r f a c e ,  
p r imary  body c o n t a c t s ,  and head and o t h e r  i n j u r i e s .  These 
comparisons  were made s i n g l y  and i n  combina t ions  o f  v a r i a b l e s .  
The r e s u l t s  a r e  p r e s e n t e d  i n  Chapte r  3. 
D.  S i m u l a t i o n s  of  F r e e - F a l l s  
The s u b j e c t s  whose f a l l s  were i n v e s t i g a t e d  d i d  n o t ,  o f  
c o u r s e ,  have any i n s t r u m e n t a t i o n  a t t a c h e d  t o  t h e i r  b o d i e s .  
T h e r e f o r e ,  impact  a c c e l e r a t i o n s ,  d e f l e c t i o n s  and f o r c e s  t h a t  
a r e  r e l a t e d  t o  human t o l e r a n c e  l e v e l s  cou ld  be  e s t i m a t e d  o n l y  
by u s i n g  s i m u l a t i o n  t e c h n i q u e s .  An i n s t rumen ted  an thropo-  
morphic dummy d i d  n o t  seem t o  be a  good s i m u l a t o r  s i n c e  
o r i e n t a t i o n  a t  impact  would be  d i f f i c u l t  t o  c o n t r o l  i n  a  
f r e e - f a l l  s i t u a t i o n  and s i n c e  dummy r e a c t i o n s  a r e  o f t e n  n o t  
human-like. The chosen s i m u l a t i o n  d e v i c e  was a  computer ized  
model o f  a  human, s p e c i f i c a l l y  t h e  MVMA Two-Dimensional Crash 
Vic t im S i m u l a t o r ,  Vers ion  3 (Bowman, e t  a l l  1374 and 1 9 7 7 ) .  
Th i s  model i s  a  s o p h i s t i c a t e d  whole-body model which,  i t  was 
t h o u g h t ,  cou ld  be  used t o  s i m u l a t e  impac t s  o n t o  b o t h  r i g i d  and 
y i e l d i n g  s u r f a c e s  f o r  f a l l s  i n  which t h e  motions  were pre -  
dominant ly  p l a n a r .  S i n c e ,  a t  t h e  t i m e ,  t h e  model had never  
been used t o  s i m u l a t e  f r e e - f a l l  impac t s ,  a  two-phase s i m u l a t i o n  
program was p lanned .  F i r s t  a  series o f  h i g h l y - c o n t r o l l e d  dummy 
d rops  were s t a g e d  s o  t h a t  t h e  r e s u l t s  o f  s e v e r a l  f u l l y - i n s t r u -  
mented f r e e - f a l l s  cou ld  be  o b t a i n e d .  Then, u s i n g  known dummy 
d e s i g n  and r e s p o n s e  d a t a ,  t h e  model was e x e r c i s e d  t o  s i m u l a t e  
t h e  dummy d r o p s .  T h i s  phase  e s t a b l i s h e d  t h e  a b i l i t y  of t h e  
model t o  a c c u r a t e l y  p r e d i c t  dummy f r e e - f a l l  impact  dynamics.  
The second phase  of  t h e  s i m u l a t i o n  program was t o  s u b s t i t u t e  
human r e s p o n s e  and a n t h r o p o m e t r i c  d a t a  and r e c o n s t r u c t  s e v e r a l  
f r e e - f a l l s  from i n v e s t i g a t e d  c a s e s .  
1. Genera l  F e a t u r e s  o f  t h e  IWMA 2 - D  Model. The MVMA 
Two Dimensional Crash Vic t im S i m u l a t o r  was deve loped  a t  H S R I .  
T h i s  model i n c l u d e s  t h e  f o l l o w i n g  f e a t u r e s  i n  i t s  r e p r e -  
s e n t a t i o n  o f  t h e  human body: 
1. A n ine-mass ,  ten-segment  body l i n k a g e ;  
2 .  An e x t e n s i b l e ,  t w o - j o i n t  neck and r e a l i s -  
t i c a l l y - f l e x i b l e  s h o u l d e r  complex; 
3 .  Energy-absorb ing  j o i n t s ;  
4 .  Time-dependent musc le  a c t i v i t y  l e v e l ;  
5. Con tac t - sens ing  e l l i p s e s  o f  a r b i t r a r y  
s ize ,  p o s i t i o n ,  and number which d e f i n e  
t h e  body p r o f i l e ;  and ,  
6 .  Gene ra l  and a r b i t r a r i l y - d e f i n a b l e  non- 
l i n e a r  m a t e r i a l s  w i t h  ene rgy -abso rb ing  
c a p a b i l i t y  f o r  a l l  p a r t s  o f  t h e  body. 
The model c o n f i g u r a t i o n  used t o  s i m u l a t e  t h e  an thropo-  
morphic dummy f a l l i n g  i n  a  semi-crouched p o s i t i o n  i s  shown 
i n  F i g u r e  1. The t e n  p h y s i c a l  l i n k s  r e p r e s e n t  t h e  head ,  
e x t r e m i t i e s ,  s h o u l d e r  and s p i n e .  The human s p i n a l  column 
i s  more o r  less c o n t i n u o u s l y  f l e x i b l e  s i n c e  it i s  composed 
of  t h i r t y - t h r e e  v e r t e b r a e ,  twenty- four  o f  which have i n t e r -  
ven ing  f i b r o c a r t i l a g i n o u s  d i s k s .  The model s i m u l a t e s  f l e x -  
i b i l i t y  o f  t h e  combined t h o r a c i c  and lumbar s p i n e s  by two 
a r t i c u l a t i o n s ,  which c o n n e c t  t h r e e  t o r s o  l i n k s .  These a r e  
j o i n t s  3 and 4 i n  t h e  f i g u r e .  F l e x i b i l i t y  o f  t h e  c e r v i c a l  
s p i n e  i s  accoun ted  f o r  by two a r t i c u l a t i o n s ,  one  a t  t h e  
o c c i p i t a l  c o n d y l e s  and one a t  t h e  s e v e n t h - c e r v i c a l / f i r s t -  
t h o r a c i c  j u n c t u r e ,  j o i n t s  1 and 2 ,  r e s p e c t i v e l y .  
Nine masses  a r e  a s s o c i a t e d  w i t h  t h e  t e n  l i n k s .  The 
neck l i n k  Ln i s  e x t e n s i b l e  and c o m p r e s s i b l e  and h a s  non- 
z e r o  mass* w h i l e  t h e  s h o u l d e r  l i n k  ( 9 - 7 )  h a s  no  mass b u t  
i s  i n c l u d e d  i n  t h e  model t o  accoun t  f o r  
c l a v i c u l a r - s c a p u l a r  sh rugg ing  mot ions .  
i n e x t e n s i b l e  and a r t i c u l a t e  a t  t h e  j o i n  
t r a t e d .  
s a g i t t a l - p  
A l l  o t h e r  
t p o s i t i o n s  
l a n e  
l i n k s  
i l l u  
a r e  
S - 
*Neck mass i s  d i s t r i b u t e d  a t  t h e  end p o i n t s  o f  t h e  neck l i n k .  
Figure 1. MVMA 2-D Model Representation of ~nthropomorphic 
Dummy, Crouched-Position Fall. Shown are body joints (numbered 
1-9) , ten links, masses (MI-!jR) , and contact-sensing ellipses. 
Also  shown i n  F i g u r e  1 a r e  t h e  c o n t a c t - s e n s i n g  e l l i p s e s  
which were i n c l u d e d  i n  t h e  dummy s i m u l a t i o n s .  These 
e l l i p s e s ,  of s p e c i f i e d  s i z e  and m a t e r i a l  p r o p e r t i e s ,  were 
used t o  r e p r e s e n t  t h e  head ,  c h e s t ,  h i p s ,  t h i g h ,  knee ,  f o o t ,  
and hand. S i n c e  it was f e l t  t h a t  arm and hand c o n t a c t s  
w i t h  t h e  s t r u c k  s u r f a c e  would n o t  s i g n i f i c a n t l y  a t t e n u a t e  
head ,  c h e s t ,  o r  p e l v i c  r e s p o n s e s ,  arm l i n k s  were n o t  i n -  
c luded  i n  t h e  human s i m u l a t i o n s  ( t h e i r  mass was r e p r e s e n t e d  
i n  t h e  c h e s t ) .  I t  s h o u l d  b e  n o t e d  t h a t  masses  a r e  a s s o c i a t e d  
w i t h  t h e  l i n k s ,  n o t  w i t h  t h e  c o n t a c t  e l l i p s e s .  T h e r e f o r e ,  
i n e r t i a l  r e s p o n s e s  w i l l  b e  p r o p e r l y  modeled whether  o r  n o t  
an e l l i p s e  i s  a s s i g n e d  t o  a  l i n k .  I t  i s  o n l y  n e c e s s a r y  t o  
s p e c i f y  e l l i p s e s  f o r  t h o s e  p a r t s  o f  t h e  body f o r  which con- 
t a c t  w i t h  t h e  s t r u c k  s u r f a c e  i s  a n t i c i p a t e d .  
2 .  S i m u l a t i o n s  o f  F r e e - F a l l s  o f  In s t rumen ted  Dummies. 
T e s t  P r o c e d u r e s .  A series o f  f i v e  f r e e - f a l l  expe r imen t s  were 
conducted  u s i n g  an i n s t r u m e n t e d  anthropomorphic  dummy, t h e  
HSRI dummy known a s  " R e p e a t a b l e  P e t e "  (McElhaney, 1973) . 
Two o f  t h e  d r o p  tests  were performed w i t h  t h e  dummy i n i t i a l l y  
i n  a  p r o n e ,  s l i g h t l y  head-down p o s i t i o n .  These d r o p s  were 
from 5 and 8 f e e t  ( 1 . 5  & 2 . 4  m ) .  Two d r o p s  were from a  
s t a n d i n g  semi-crouched p o s i t i o n .  These were matched t e s t s ,  
w i t h  t h e  dummy's f e e t  b e i n g  f i v e  f e e t  above t h e  f l o o r  i n  each  
c a s e .  The f i f t h  t e s t  was a  f i v e - f o o t  d r o p  i n  which t h e  dummy 
f e l l  f i r s t  o n t o  i t s  r i g h t  f o o t ,  t h e n  p i v o t e d  o n t o  t h e  r i g h t  
s i d e .  T h i s  t e s t ,  however, was n o t  s u i t a b l e  f o r  s i m u l a t i o n  
u s i n g  t h e  two-dimensional  model. The nominal and a c t u a l  t e s t  
p o s i t i o n s  f o r  t h e  p r o n e  and crouched expe r imen t s  a r e  d i a -  
grammed i n  F i g u r e  2 .  The dummy was ba l anced  and suspended 
by a  c l o t h e s l i n e  s l i n g  w i t h  a  s i n g l e  l i n e  connec ted  from 
t h e  s l i n g  a t  t h e  b a l a n c e  p o i n t  o f  t h e  dummy t o  a  h o i s t  which 
was used t o  r a i s e  t h e  dummy t o  p r o p e r  h e i g h t .  The dummy was 
r e l e a s e d  and a l lowed  t o  f a l l  f r e e l y  by c u t t i n g  t h e  t a u t  l i n e  
w i t h  a  s h a r p  b l a d e .  The t e c h n i q u e  s e v e r e d  t h e  l i n e  i n s t a n t l y  





Dimension Design Test 01 Test 02 Test 04 
A 20° 16' 18 O 20" 
B 20° 32 O 37O 43O 
C 20° 22O 22O 41" 
D 12 in (30.5cm) 7.5 in(l9cm) 10.5 in(27cm) 12.5 in(32cm) 
*As measured from high-speed film at initial point of contact 
(except for Dimensions D&E which were measured prior to the 
test). 
Figure 2. Dummy Configurations for Free-Fall Drop Tests. 
o f  p o s i t i o n .  The e x p e r i m e n t s  were f i l m e d  u s i n g  two Photo-  
S o n i c s  Model 1 B  h igh - speed  (500 f ra rnes / sec)  mot ion p i c t u r e  
cameras  f o r  s i d e  and f r o n t  v i ews .  The dummy was i n s t r u -  
mented w i t h  GSE Model 2430 f o r c e  t r a n s d u c e r s  i n  t h e  f emurs ,  
S e t r a  Model 113  a c c e l e r o m e t e r s  i n  t h e  c h e s t ,  and Endevco 
Model 2264 a c c e l e r o m e t e r s  i n  t h e  head and p e l v i s .  Fo r  
e a c h  e x p e r i m e n t ,  e l e v e n  c h a n n e l s  o f  d a t a  were r e c o r d e d :  
t r i a x i a l  a c c e l e r a t i o n s  a t  t h e  c e n t e r s  o f  g r a v i t y  o f  t h e  
head and t h e  t h o r a x ;  t r i a x i a l  a c c e l e r a t i o n s  of  t h e  p e l v i s ;  
and a x i a l  f o r c e  i n  e a c h  femur.  The d a t a  c h a n n e l s  were t a p e -  
r e c o r d e d  d u r i n g  t h e  e x p e r i m e n t  and l a t e r  t r a n s f e r r e d  t o  
h a r d  copy by u s i n g  a  s t r i p - c h a r t  r e c o r d e r .  
The compar i son  o f  d e s i g n  w i t h  a c t u a l  t e s t  d imens ions  i n  
F i g u r e  2  shows some minor  d i f f e r e n c e s .  These o c c u r r e d  be-  
c a u s e  o f  t h e  n a t u r e  o f  t h e  dummy's j o i n t s ,  p a r t i c u l a r l y  
t h e  neck  j o i n t s .  I t  would have  been  n e c e s s a r y  t o  p r o v i d e  
a r t i f i c i a l  b r a c i n g  o f  t h e  head and g r e a t e r  t h a n  one-g 
s t i f f n e s s  t o  o t h e r  j o i n t s  t o  m a i n t a i n  d e s i g n  d imens ions .  
T h i s  was t h o u g h t  t o  b e  u n d e r s i r a b l e  f o r  a  f r e e - f a l l  t e s t ,  
s o  t h e  dummy was a l l o w e d  t o  remain  i n  a n  u n f o r c e d  c o n d i t i o n .  
The d r o p  r e l e a s e  sys t em worked v e r y  well  e x c e p t  t h a t  t h e  
c o r d  was s e v e r e d  t o o  soon f o r  T e s t  03 and most o f  t h e  h igh -  
speed  f i l m  documen ta t i on  was l o s t ,  a l t h o u g h  t h e  t a p e -  
r e c o r d e d  d a t a  were o b t a i n e d .  The o n l y  o t h e r  problem en-  
c o u n t e r e d  was i n  t h e  t h o r a x  a c c e l e r o m e t e r  sy s t em.  Power 
s u p p l y  prob lems  r e s u l t e d  i n  a  s p u r i o u s  s i g n a l  i n  s e v e r a l  o f  
t h e  t e s t  r u n s ,  s o  t h o s e  a c c e l e r a t i o n  d a t a  were  u s u a l l y  n o t  
c o n s i d e r e d  when model p r e d i c t i o n s  were compared t o  e x p e r i m e n t a l  
r e s u l t s .  
Data  r e d u c t i o n  f o r  t h e  dummy d r o p  e x p e r i m e n t s  was 
l i m i t e d  t o  t h a t  n e c e s s a r y  t o  p r o v i d e  i n p u t  d a t a  and com- 
p a r i s o n  d a t a  f o r  t h e  s i m u l a t i o n s .  Peak r e s u l t a n t  a c c e l e r -  
a t i o n s  were  c a l c u l a t e d  f rom t h e  s t r i p - c h a r t  r e c o r d  of  t h e  
t r i a x i a l  a c c e l e r a t i o n s .  The e l a p s e d  t i m e  from i n i t i a l  c o n t a c t  
t o  peak r e s u l t a n t  a c c e l e r a t i o n  was a l s o  n o t e d .  The h igh-  
speed  f i l m s  o f  T e s t s  01,  02 ,  and 0 4  were s t u d i e d  u s i n g  
a  Vanguard Data  Ana lyze r .  The f i r s t  f rame i n  which t h e  
e n t i r e  f a l l i n g  dummy was v i s i b l e  was a n a l y z e d  f o r  body l i n k  
p o s i t i o n  a n g l e s .  Then t h e  f rame showing i n i t i a l  c o n t a c t  
between t h e  dummy and t h e  f l o o r  was a n a l y z e d  f o r  t h e  same 
p o s i t i o n a l  d a t a .  The two f rames  were compared t o  check  f o r  
dummy r o t a t i o n  d u r i n g  f r e e - f a l l  and t o  check v e l o c i t y  a q a i n s t  
t h e  impac t  v e l o c i t y  c a l c u l a t e d  f o r  u s e  i n  t h e  model. There  
were no more t h a n  two d e g r e e s  o f  body r o t a t i o n  i n  any t e s t ,  
s o  it was n o t  n e c e s s a r y  t o  i n c l u d e  r o t a t i o n a l  compensa t ion  
i n  t h e  s i m u l a t i o n .  
S i m u l a t i o n s  and Comparison o f  R e s u l t s .  The d a t a  used 
t o  d e s i g n a t e  i n i t i a l  c o n d i t i o n s  o f  t h e  model came from s e v e r a l  
s o u r c e s .  S i n c e  time z e r o  f o r  t h e  s i m u l a t i o n  was s p e c i f i e d  
t o  b e  t h e  p o i n t  o f  i n i t i a l  c o n t a c t  o f  t h e  dummy w i t h  t h e  
f l o o r ,  t h e  p o s i t i o n a l  measurements f rom t h a t  f i l m  f rame 
e s t a b l i s h e d  t h e  " p o s i t i o n "  of  t h e  s i m u l a t e d  dummy i n  t h e  
model. Dummy a n t h r o p o m e t r i c  d imens ions  and t h e  m a t e r i a l  
p r o p e r t i e s  o f  t h e  dummy were e i t h e r  t a k e n  f rom o r  deve loped  
from d a t a  i n  s e v e r a l  r e f e r e n c e s ,  e s p e c i a l l y  McElhaney ( 1 9 7 3 ) ,  
Melvin,  e t  a 1  ( 1 9 7 2 ) ,  and Naab and Massing ( 1 9 7 4 ) .  The 
r e s u l t  was a  d a t a  s e t  f o r  t h e  MVMA 2-D Model which was 
t h o u g h t  t o  be an  a c c u r a t e  r e p r e s e n t a t i o n  o f  t h e  HSRI 
" R e p e a t a b l e  P e t e "  dummy. 
Using t h e  b a s e l i n e  i n p u t  d a t a ,  t h e  model was e x e r c i s e d  
t o  s i m u l a t e  t h e  f i v e - f o o t  p rone  f a l l ,  T e s t  01,  and t h e  
o u t p u t  was compared w i t h  t e s t  d a t a .  Minor d i s c r e p a n c i e s  
r e l a t i n g  t o  m a t e r i a l  p r o p e r t i e s  and t o  dummy-floor c o e f f i -  
c i e n t s  o f  f r i c t i o n  were n o t e d  and a p p r o p r i a t e  changes  were 
made t o  t h e  d a t a  se t .  A model r u n  w i t h  an  a r t i f i c i a l l y  
s t i f f  neck a l s o  d e m o n s t r a t e d  t h a t  head d e c e l e r a t i o n  was 
n o t  m a t e r i a l l y  a f f e c t e d  by neck  s t i f f n e s s .  
A f t e r  s e v e r a l  r u n s  f o r  which unde t e rminab le  dummy 
p a r a m e t e r s  were p r o g r e s s i v e l y  a d j u s t e d ,  t h e  model p r e -  
d i c t i o n  e s s e n t i a l l y  matched t h e  d r o p  t e s t  r e s u l t s  f o r  
t h e  f i v e - f o o t  d rop .  I n  F i g u r e  3 ,  t h e  k i n e m a t i c  r e s p o n s e  
of t h e  dummy f o r  t h a t  t e s t  i s  compared t o  t h e  r e s p o n s e  
p r e d i c t e d  by t h e  model. The dummy head s t r u c k  f i r s t ,  
f o l l owed  by a l m o s t  s i m u l t a n e o u s  c o n t a c t s  by t h e  c h e s t ,  
knee ,  t h i g h  and f o o t .  The model,  a s  shown by t h e  p r i n t e r -  
p l o t  s t i c k  f i g u r e ,  p r e d i c t e d  t h e  same sequence .  The 
model a l s o  p r e d i c t e d  e s s e n t i a l l y  t h e  same rebound cha rac -  
t e r i s t i c s .  There  were s l i g h t  d i f f e r e n c e s  i n  t h e  t i m i n g  
of body c o n t a c t s ,  w i t h  t h e  model p r e d i c t i n g  t o r s o  and knee 
c o n t a c t  s l i g h t l y b e f o r e  t h e  c o n t a c t s  were  a c t u a l l y  made. 
The e i g h t - f o o t  p r o n e - p o s i t i o n  d r o p  ( T e s t  0 2 )  was t h e n  
s i m u l a t e d  u s i n g  t h e  same d a t a  s e t .  The model p r e d i c t i o n s  
were a g a i n  v e r y  c l o s e  t o  t h e  t e s t  r e s u l t s ,  and no f u r t h e r  
d a t a  s e t  m o d i f i c a t i o n s  were  made f o r  t h e  p rone  d r o p  con- 
d i t i o n s .  
S i m u l a t i o n  of t h e  f e e t - f i r s t ,  c r o u c h e s - p o s i t i o n  d r o p  
was expec t ed  t o  be more d i f f i c u l t  t h a n  t h a t  o f  t h e  p rone  
p o s i t i o n  d r o p s .  For  t h e  prone  d r o p s ,  t h e  head made a  
d i r e c t  impact  t o  t h e  r i q i d  s u r f a c e  w i t h  no i n t e r v e n i n g  
a r t i c u l a t i o n s .  The c r o u c h e d - p o s i t i o n  s i m u l a t i o n  was com- 
p l i c a t e d  by t h e  f a c t  t h a t  t h e  s e n s o r  i n  t h e  dummy t h a t  
was c l o s e s t  t o  t h e  p o i n t  of c o n t a c t  was t h e  a x i a l  l o a d  
s e n s o r  i n  t h e  femur,  n e a r  t h e  p e l v i s .  T h i s  s e n s o r  i s  
i n c l u d e d  i n  t h e  model ,  b u t  a c c u r a t e  p r e d i c t i o n  of t e s t  
r e s u l t s  a t  t h a t  p o s i t i o n  depends upon a c c u r a t e  model ing of  
j o i n t s  a t  t h e  dummy's a n k l e s  and knees  and c o r r e c t  simu- 
l a t i o n  of dummy k i n e m a t i c s .  The problem was f u r t h e r  
compl i ca t ed  because  t h e  r o d e l  ha s  a  f i x e d  j o i n t  a t  t h e  
a n k l e  and s o  dummy a n k l e - j o i n t  c h a r a c t e r i s t i c s  had t o  be  
modeled t h rough  a p p r o p r i a t e  s p e c i f i c a t i o n  of f o o t  m a t e r i a l  
p r o p e r t i e s .  
D e s p i t e  t h e  c o m p l i c a t i o n s ,  o n l y  a  few r u n s  were  needed 
Frame from High-Speed Movi e Correspondin P r i n t e r - P l  o t  
S t i c  F i g u r e  i? 
t=O ( i n i t i a l  c o n t a c t )  
t=30  ms ( j u s t  before  dummy rebound) 
t=100 ms (rebound) 
Figure 3 Comparison of Prone Dummy F a l l  and Model Predict ion.  
Five-foot drop onto concrete.  
t o  o b t a i n  model p r e d i c t i o n s  t h a t  were c l o s e  t o  obse rved  
dummy r e s p o n s e s .  F i g u r e  4 shows a  comparison of  dummy 
k i n e m a t i c s  and model p r e d i c t i o n s  f o r  Test 0 4 .  A ~ a i n ,  
t h e  agreement  i s  remarkably  c l o s e .  The mozel p r e d i c t e d  
knee c o n t a c t  o n l y  1 0  msec b e f o r e  it a c t u a l l y  o c c u r r e d  
and p r e d i c t e d  head c o n t a c t  a t  t h e  same time a s  t h e  dum.y 
head c o n t a c t e d  t h e  f l o o r .  The re  were o n l y  s l i g h t  d i f f e r e n c e s  
i n  k i n e m a t i c  p r e d i c t i o n s  t h r o u g h o u t  t h e  knee c o n t a c t  and 
p i t c h o v e r  phases .  
I n  T a b l e  2 ,  p r e d i c t e d  v a l u e s  o b t a i n e d  i n  t h e  s i m u l a t i o n s  
a r e  compared t o  c o r r e s p o n d i n g  dummy t e s t  r e s u l t s .  For  t h e  
two p rone  d r o p s ,  t h e  peak a c c e l e r a t i o n  p r e d i c t i o n s  a r e  
e x t r e m e l y  c l o s e  t o  t h e  e x p e r i m e n t a l  v a l u e s ,  v a r y i n g  by no 
more t h a n  t h r e e  p e r c e n t .  A g r e a t e r  v a r i a t i o n  was found 
i n  p r e d i c t i n g  peak v a l u e  t i m e s .  These may be  a t t r i b u t a b l e  
t o  d i f f e r e n c e s  i n  j o i n t  c h a r a c t e r i s t i c s .  For  t h e  p rone  
d r o p s ,  t h e  i m p o r t a n t  p r e d i c t i o n  was f o r  peak a c c e l e r a t i o n  
of t h e  head ,  and an e x c e l l e n t  match was o b t a i n e d .  The 
e x c e l l e n t  match o f  p e l v i s  a c c e l e r a t i o n s  i s  t h o u g h t  t o  b e  
f o r t u i t o u s  s i n c e  t h e  dummy p e l v i s  i s  o f  a  v e r y  compl i ca t ed  
shape  and v i r t u a l l y  unknown m a t e r i a l  p r o p e r t i e s  and i s  
s e v e r a l  a r t i c u l a t i o n s  removed from t h e  i n i t i a l  p o i n t s  of 
c o n t a c t .  
I n  T a b l e  2 ,  P a r t  C ,  measured and p r e d i c t e d  v a l u e s  a r e  
cov.pared f o r  t h e  f i v e - f o o t  d r o p  i n  c rouched  p o s i t i o n .  The 
most i m p o r t a n t  p r e d i c t i o n s  i n  t h i s  c a s e  a r e  femur and 
p e l v i s  r e s p o n s e s  s i n c e  t h e y  a r e  c l o s e s t  t o  i n i t i a l  p o i n t  
of c o n t a c t .  The dummy l a n d e d  i n  a  s l i g h t l y  unba lanced  
p o s i t i o n ,  l o a d i n g  one l e g  t o  1 0 , 2 0 1  l b  (45370 N )  and t h e  
o t h e r  t o  6868 l b  (30530 N) an a v e r a g e  o f  8532 l b  (37950 N) . 
S i n c e  t h e  model h a s  o n l y  one  l e g ,  i t  can  p r e d i c t  o n l y  t h e  
a v e r a g e  of  two l e g s  f o r  a  two-legged impact  - i n  t h i s  c a s e  
7503 l b  (33370 N ) ,  o r  1 4 %  low. The p r e d i c t i o n  o f  p e l v i c  
a c c e l e r a t i o n s  i s  a g a i n  v e r y  c l o s e  ( 1 2 %  h i g h ) ,  e s p e c i a l l y  
Frame from High- Speed Movie Corres o n d i n  . P r i n t e r - P l  o t  ! t i ck  B lgu re  
( i n i t i a l  c o n t a c t )  
A 1 U  
t = 6 5  ms ( i n i t i a l  dummy knee c o n t a c t )  
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Figure 4 Comparison of Feet-Firs t  Dummy F a l l  and Model Prediction. 
Five-foot drop onto concrete. 
TABLE 2  
Comparison o f  Dummy Responses and Model P r e d i c t i o n s  
Peak R e s u l t a n t  T i m e  from I n i t i a l  
- A c c e l e r a t i o n  Con tac t  t o  Peak Accel .  
Measured P r e d i c t e d  Measured P r e d i c t e d  
i n  T e s t  by Model i n  T e s t  by Model 
A.  T e s t  01,  Dummy p rone ,  f i v e - f o o t  d rop .  
Head 563 G 1 s  >499G1s* 2 . 1  m s  1 .5*  
Thorax** 18 81 60.0 2 9 
P e l v i s  104 106 41.9 31 
B .  Test 02, Dummy prone ,  e i g h t - f o o t  d rop .  
Head 709 G I s  733 G I s  1 . 9  m s  1 .75  m s  
Thorax** 135 98 34.4 31 
P e l v i s  177 174 35.6 30.5 
C .  T e s t  0 4 ,  Dummy crouched ,  f i v e - f o o t  drop .  
Head 170 G I s  11 4 320.4 m s  322 
Thorax** 70 1 1 4  47.0 60 
P e l v i s  193 216 4 6 . 4  6  1 
Peak femur l o a d :  measured 8532 l b  (37950 N) a t  45.2 m s  
(avg  of  two l egs ) ;  p r e d i c t e d  7503 (33370 N) 
a t  6 1  m s  
* A 0 .5  m s  t i m e  s t e p  was used.  A t  1 . 5  m s ,  t h e r e  was s t i l l  a  
s u b s t a n t i a l  p o s i t i v e  r a t e - o f - o n s e t  o f  a c c e l e r a t i o n .  Extrapo-  
l a t i o n  based on r a t e - o f - o n s e t  g i v e s  a  c a l c u l a t e d  peak 
a c c e l e r a t i o n  of 564 G I s  ( r a n g e  547-582 G I s ) ,  and a  time t o  
peak a c c e l e r a t i o n  of  approx ima te ly  1 .75  m s .  
* *  Thorax a c c e l e r a t i o n s  and times a r e  s u s p e c t .  See t e x t .  
c o n s i d e r i n g  t h e  c o m p l i c a t e d  n a t u r e  of  t h e  dummy p e l v i s .  
The t i m e  d i f f e r e n c e s  f o r  femur and p e l v i s  l o a d s  a r e  l i k e l y  
due  t o  t h e  l a c k  o f  a  movable j o i n t  a t  t h e  a n k l e .  The head 
a c c e l e r a t i o n  p r e d i c t i o n  i s  32% lower  t h a n  t h e  measured 
v a l u e .  T h i s  i n a c c u r a c y  was n e i t h e r  unexpec ted  n o r  d i s a p -  
p o i n t i n g ,  s i n c e  t h e  head was f a r t h e s t  removed from t h e  p o i n t  
of c o n t a c t .  Peak head a c c e l e r a t i o n  was r e c o r d e d  a s  t h e  dummy 
p i t c h e d  forward  and s t r u c k  i t s  head  on t h e  f l o o r .  The model 
p r e d i c t e d  t h e  t i m i n g  o f  t h i s  e v e n t  v e r y  a c c u r a t e l y .  
The o b j e c t i v e  o f  t h e  dummy d r o p s  and s i m u l a t i o n s  was t o  
d e m o n s t r a t e  t h a t  t h e  MVMA 2 - D  model c o u l d  a d e q u a t e l y  
s i m u l a t e  t h e  h e a d - f i r s t  and f e e t - f i r s t  f r e e - f a l l  impac t  
modes. The model was found t o  c l o s e l y  p r e d i c t  dummy peak 
a c c e l e r a t i o n s  f o r  t h e  r e s p o n s e s  o f  i n t e r e s t  and t o  a d e q u a t e l y  
p r e d i c t  r e s p o n s e  time h i s t o r i e s .  Dummy and s i m u l a t i o n  
k i n e m a t i c s  were i n  good ag reemen t ,  and s m a l l  d i f f e r e n c e s  
i n  k i n e m a t i c s  d i d  n o t  a f f e c t  t h e  a c c u r a c y  w i t h  which p r imary  
r e s p o n s e  p a r a m e t e r s  were p r e d i c t e d .  The i n v e s t i g a t o r s  
conc luded  t h a t  t h e  dummy f a l l s  had been s u c c e s s f u l l y  s i m u l a t e d  
and t h e r e f o r e  it was e x p e c t e d  t h a t  t h e  model would b e  u s e f u l  
f o r  p r e d i c t i n g  f r e e - f a l l  impac t  dynamics o f  humans. 
3. S i m u l a t i o n s  o f  F r e e - F a l l s  o f  Humans. The o b j e c t i v e  
o f  s e l e c t i n g  c e r t a i n  i n v e s t i g a t e d  c a s e s  f o r  s i m u l a t i o n  was 
t o  p r o v i d e  a  r e p r e s e n t a t i v e  group  o f  f a l l s  t h a t  might  be  
u s a b l e  i n  d e v e l o p i n g  impac t  t o l e r a n c e  d a t a .  The c a s e s  
were chosen  s o  t h a t  compar i sons  between f a l l s  c o u l d  b e  
. . 
nade  f o r  a g e ,  body mass ,  and f a l l  d i s t a n c e .  Th ree  body 
p o s i t i o n s  a t  impac t  were chosen :  h e a d - f i r s t ,  f e e t - f i r s t ,  
and s i d e - f i r s t  a t t i t u d e s .  A m a j o r i t y  o f  s i m u l a t e d  c a s e s  
were o f  h e a d - f i r s t  f a l l s ,  s i n c e  development  o f  head  impac t  
t o l e r a n c e  d a t a  was c o n s i d e r e d  most i m p o r t a n t .  The d e t a i l s  
o f  t h e  c a s e s  chosen  f o r  s i m u l a t i o n  were  known c o m p l e t e l y  
enough t h a t  t h e  body p o s i t i o n  a t  impac t  would be  s p e c i f i e d  
w i t h  some c o n f i d e n c e .  Twelve human f a l l s  were s i m ~ ~ l a t e d .  
C 
Development o f  P h y s i c a l  and  ater rial P r o p e r t i e s .  The 
l e v e l  o f  s o p h i s t i c a t i o n  of t h e  MVMA 2-D Model p r o v i d e s  t h e  
p o t e n t i a l  f o r  d e t a i l e d  and a c c u r a t e  p r e d i c t i o n  o f  human 
impac t  r e s p o n s e .  However, it a l s o  r e q u i r e s  d e t a i l e d  and 
e x t e n s i v e  i n p u t  d a t a  s p e c i f y i n g  s i z e  d i m e n s i o n s ,  i n e r t i a l  
p r o p e r t i e s ,  and m a t e r i a l  p r o p e r t i e s  f o r  t h e  v a r i o u s  body 
p a r t s .  
A d e t a i l e d  d e s c r i p t i o n  of  t h e  model a s  it was imple-  
mented i n  t h e  human f r e e - f a l l  s i m u l a t i o n  h a s  been compi led  
by B .  M.  Bowman and i s  i n c l u d e d  a s  Appendix B .  Tha t  
Appendix i n c l u d e s  d i s c u s s i o n s  o f  t h e  body l i n k a g e  sys tem and 
t h e  development  o f  t h e  body d i m e n s i o n s ,  i n e r t i a l  p r o p e r t i e s , .  
and m a t e r i a l  p r o p e r t i e s  used i n  t h e  human s i m u l a t i o n s .  
Each i n p u t  d a t a  se t  c o n t a i n e d  s p e c i f i c a t i o n s  t o  d e f i n e  
t h e  f a l l i n g  s u b j e c t  a t  t h e  i n s t a n t  o f  c o n t a c t  w i t h  t h e  
s u r f a c e .  A major  problem was t h e  s p e c i f i c a t i o n  of  d e t a i l e d  
p r o p e r t i e s  f o r  c h i l d  s u b j e c t s  who r anged  i n  age  from 1 3  
months t h r o u g h  1 3  y e a r s .  Only h e i g h t  and w e i g h t  were known 
f o r  e a c h  s u b j e c t ,  s o  body l i n k a g e  l e n g t h s  and c o n t a c t  e l l i p s e  
d imens ions  were  deve loped  from p u b l i s h e d  d a t a  such  a s  Snyde r ,  
e t  a l ,  1975b. Masses and moments o f  i n e r t i a  f o r  c h i l d r e n  
were  a d a p t e d  from mas t e r fo rm d a t a  f o r  3- and 6-year o l d  
c h i l d  dummies p u b l i s h e d  by Reynolds ,  e t  a 1  ( 1 9 7 6 ) .  For t h e  
t eenaged  s u b j e c t s ,  masses  and moments o f  i n e r t i a  were  s c a l e d  
from t h e  MVMA model b a s e l i n e  d a t a  se t  f o r  5 0 t h  p e r c e n t i l e  
ma le s  (1976)  . 
M a t e r i a l  p r o p e r t i e s ,  which a r e  p r e s c r i b e d  f o r  e a c h  
c o n t a c t  e l l i p s e ,  must b e  s p e c i f i e d  a s  l o a d - d e f l e c t i o n  c h a r -  
a c t e r i s t i c s  i n  o r d e r  t o  s a t i s f y  model i n p u t  r e q u i r e m e n t s .  
However, such  d a t a  f o r  v a r i o u s  body p a r t s  a r e  o n l y  p a r t i a l l y  
known f o r  a d u l t s  and v i r t u a l l y  unknown f o r  c h i l d r e n .  There-  
f o r e ,  m a t e r i a l  p r o p e r t i e s  were f i r s t  deve loped  f o r  a d u l t s  
ba sed  on a v a i l a b l e  d a t a ,  t h e n  s c a l e d  t o  c h i l d r e n  by  a p p l y i n g  
growth and aging factors and standard scaling techniques. 
A complete discussion of this development process is con- 
tained in Appendix B. 
The dimensional, inertial, and material properties 
defined for the simulations were considered reasonable. 
The force-deflection curves developed for adult skull and 
chest were felt to be the most representative of the actual 
human condition, since there were good data from which the 
curves could be developed. The scaling factors used to 
adjust adult data to input values for children of various 
ages were developed based on growth curves, since no direct 
data for children were found to exist. The model was 
found to have low sensitivity to inaccuracies in these 
scaling factors, as will be shown in the results. The 
complex knee-femur-pelvis system is represented in the 
analytical model in a simplified manner. Although a 
careful evaluation of available data provided an apparently 
good means for simulating knee impacts with the model, 
the true condition may still not have been represented 
accurately. The force-deflection properties specified 
for the hip were probably not very representative of humans 
They were established arbitrarily, based on the successful 
simulation of dummy drops. However, hip responses were 
primary in only two of the simulations, so potential in- 
accuracies did not substantially affect the overall value 
of the simulations. 
Selection of Simulation Data for Analysis. The out- 
put from each computer simulation run contained a pro- 
digious amount of information. Results were printed at 
incremented values of time for such parameters as body 
joint responses; body link angular accelerations and 
velocities; and loads, deformations, velocities, and 
accelerations of all major body parts. Severity indices 
(Head Injury Criterion and Gadd Severity Index) were 
c a l c u l a t e d ,  and a  p r i n t e r - p l o t  " s t i c k  f i g u r e " ,  s i m i l a r  
t o  t h o s e  i n  F i g u r e s  3  and 4 ,  was produced f o r  e a c h  of 
s e v e r a l  s p e c i f i e d  time p o i n t s .  More t h a n  100 paTes of 
o u t p u t  were produced p e r  r u n .  
For t h e  human f r e e - f a l l  s i m u l a t i o n s ,  4 0  i n d i v i d u a l  
d a t a  i t e m s  were drawn from e a c h  o f  4 7  r u n s  and used  f o r  
t h e  compar i sons  and c o n t r a s t s  d i s c u s s e d  i n  t h i s  r e p o r t .  
Twelve d a t a  i t e m s  were r e l a t e d  t o  head r e s p o n s e .  Head 
c o n t a c t  p o i n t s  a t  i n i t i a l  c o n t a c t  and a t  maximum head 
l o a d i n g  were  n o t e d .  The head r e s p o n s e  c h a r a c t e r i s t i c s  of 
peak d e f l e c t i o n ,  peak normal  f o r c e ,  peak r e s u l t a n t  a c c e l -  
e r a t i o n  and t h r e e - m i l l i s e c o n d  a v e r a g e  a c c e l e r a t i o n  were  
a l l  r e c o r d e d ,  t o g e t h e r  w i t h  t h e  t i m e  a t  which e a c h  peak 
o c c u r r e d .  F i n a l l y ,  t h e  c a l c u l a t e d  Head I n j u r y  C r i t e r i o n  
( H I C )  (US DOT, 1969)  and Gadd S e v e r i t y  Index  ( S I )  (Gadd, 
1966)  were  n o t e d .  I t  s h o u l d  b e  ment ioned t h a t  o n l y  peak 
and 3-msec a v e r a g e  v a l u e s ,  a s  opposed t o  comple te  time 
h i s t o r i e s ,  were  used  i n  t h e  head r e s p o n s e  a n a l y s i s .  The 
most s i g n i f i c a n t  d a t a  were b e l i e v e d  t o  come from t h e  i n i t i a l  
l o a d i n g  phase .  L i t t l e -known  c h a r a c t e r i s t i c s  o f  j o i n t  prop- 
e r t i e s ,  rebound ,  and u n l o a d i n g - r e l o a d i n g  i n t e r a c t i o n s ,  
p a r t i c u l a r l y  f o r  c h i l d r e n ,  made t h e  a n a l y s i s  o f  a  comple te  
a c c e l e r a t i o n  o r  d e f l e c t i o n  t i m e  h i s t o r y  e s s e n t i a l l y  mean ing le s s .  
The f o l l o w i n g  d a t a  f o r  c h e s t  impac t  were e x t r a c t e d :  
t i m e  o f  i n i t i a l  c h e s t  c o n t a c t ,  peak d e f l e c t i o n  and t i m e  t o  
peak d e f l e c t i o n ,  peak f o r c e  and peak r e s u l t a n t  a c c e l e r a t i o n ,  
and t h e  t i m e  r a n g e s  o v e r  which f o r c e  and a c c e l e r a t i o n  were 
g r e a t e r  t h a n  5 0 %  o f  t h e i r  peak v a l u e s .  Hip d a t a  i n c l u d e d  
t h e  same i t e m s  a s  f o r  t h e  c h e s t ,  e x c e p t  t h a t  peak d e f l e c t i o n s  
were n o t  r e c o r d e d .  The a r b i t r a r y  f o r c e - d e f l e c t i o n  c u r v e  
s p e c i f i e d  f o r  t h e  h i p  caused  h i p  " d e f l e c t i o n s "  much g r e a t e r  
t h a n  seemed r e a s o n a b l e .  
Fo rce  d a t a  were e x t r a c t e d  t o  d e s c r i b e  t h e  r e s p o n s e  o f  
t h e  lower e x t r e m i t i e s .  These d a t a  c o n s i s t e d  of peak a x i a l  
femur l o a d s  i n  t h e  upper  t h i g h  and a t  t h e  knee ,  peak s h e a r  
f o r c e  a t  t h e  knee ,  peak knee c o n t a c t  f o r c e ,  peak a x i a l  
f o r c e  i n  t h e  t i b i a  a t  knee and f o o t ,  and peak normal f o r c e  
i n  t h e  f o o t .  I n  e a c h  c a s e  b u t  one ,  t h e  s i m u l a t o r  o u t p u t  
f o r  t h e  lower  e x t r e m i t i e s  was d i v i d e d  by two t o  g i v e  a  
s i n g l e - l e g  v a l u e .  
T h i s  c h a p t e r  d e s c r i b e d  t h e  s e v e r a l  methods used i n  
t h e  s t u d y  f o r  t h e  c o l l e c t i o n  o f  d a t a  p e r t i n e n t  t o  deve lop-  
ment o f  measures  f o r  human impac t  t o l e r a n c e .  I t  was hoped 
t h a t  u s e  o f  d a t a  o b t a i n e d  from f i e l d  i n v e s t i g a t i o n s  t o -  
g e t h e r  w i t h  dynamic r e s p o n s e  d a t a  p r e d i c t e d  by computer 
s i m u l a t i o n  of  s p e c i f i c  f a l l  e v e n t s  would be  an  e f f e c t i v e  
means of  e s t a b l i s h i n g  t o l e r a n c e  d a t a .  The a n a l y s i s  o f  t h e s e  
d a t a  i s  t h e  s u b j e c t  o f  Chapte r  3. 
CHAPTER 3 
RESULTS AND DATA ANALYSIS 
A .  I n t r o d u c t i o n  
More t h a n  3,000 newspaper r e p o r t s  o f  f a l l s  were r e c e i v e d  
d u r i n g  t h e  1 3  months of  t h e  s t u d y .  The f a l l s  of  1 1 0  i n d i -  
v i d u a l s  were s e l e c t e d  f o r  d e t a i l e d  i n v e s t i g a t i o n ,  and twe lve  
o f  t h o s e  f a l l s  were s i m u l a t e d  u s i n g  t h e  computer model. The 
c l i p p i n g  f i l e  d a t a ,  t h e  f i e l d  i n v e s t i g a t i o n s  and t h e  computer 
s i m u l a t i o n s  were t h e  t h r e e  s o u r c e s  of  d a t a  which p rov ided  
t h e  r e s u l t s  p r e s e n t e d  i n  t h i s  r e p o r t .  
1. Chapter  O r g a n i z a t i o n .  A g r e a t  amount of d a t a  r e -  
s u l t e d  from t h i s  r e s e a r c h .  Consequent ly ,  t h i s  c h a p t e r ,  which 
i n c l u d e s  t h e  r e s u l t s  and a n a l y s i s  f o r  a l l  a s p e c t s  o f  t h e  
s t u d y ,  i s  l e n g t h y .  The c h a p t e r  i s  o r g a n i z e d  i n t o  f i v e  s e c t i o n s .  
The i n t r o d u c t i o n ,  S e c t i o n  A ,  i n c l u d e s  an o u t l i n e  o f  m a t e r i a l  
i n  t h e  c h a p t e r  and a  b r i e f  i n t r o d u c t i o n  t o  t h e  i n v e s t i g a t e d  
c a s e s .  The second s e c t i o n ,  S e c t i o n  B ,  i s  devo ted  t o  g e n e r a l  
r e s u l t s .  The s e c t i o n  i n c l u d e s  sampl ing  b i a s e s ,  i n f o r m a t i o n  
a b o u t  t h e  newspaper c l i p p i n g s ,  and b o t h  c l i p p i n g  and i n v e s t i -  
g a t i o n  r e s u l t s  f o r  f r equency  o f  f a l l  o c c u r r e n c e s  ( ana lyzed  
by s e x ,  a g e ,  and t y p e  o f  h a z a r d ,  w i t h o u t  r e g a r d  t o  i n j u r y ) .  
R e s u l t s  and a n a l y s i s  r e l a t i n g  t o  i n j u r i e s  a r e  p r e s e n t e d  
i n  S e c t i o n s  C and D o f  Chapter  3. S e c t i o n  C d e a l s  w i t h  "whole- 
body" i n j u r y  d a t a .  I t  i n c l u d e s  an a n a l y s i s  o f  f a t a l i t i e s  
r e p o r t e d  i n  t h e  c l i p p i n g s  and i n j u r y  r e s u l t s  from t h e  c a s e  
i n v e s t i g a t i o n s ,  ana lyzed  t o  show t h e  e f f e c t s  of  s e v e r a l  sub- 
j e c t  and f a l l  envi ronment  p a r a m e t e r s  ( a g e ,  impac t  s u r f a c e ,  e t c )  
on o v e r a l l  i n j u r i e s  r e s u l t i n g  from a  f a l l .  Also  i n c l u d e d  i n  
t h i s  s e c t i o n  i s  a  d i s c u s s i o n  of  p o t e n t i a l  g e n e r a l  " p r e d i c t o r s "  
o f  i n j u r y .  T h i s  d i s c u s s i o n  e x p l o r e s  t h e  r e l a t i o n s h i p  between 
whole-body i n j u r y  cod ing  methods,  impac t  o r i e n t a t i o n ,  and 
s u b j e c t  age  and i s  based  on a n a l y s i s  of  c a s e  i n v e s t i g a t i o n  
d a t a .  S e c t i o n  D c o n t a i n s  r e s u l t s  s p e c i f i c  t o  head impac t s  
and t o  i m p a c t s  o f  o t h e r  body r e g i o n s .  Case i n v e s t i g a t i o n  
and s i m u l a t i o n  r e s u l t s  a r e  p r e s e n t e d  and a n a l y z e d  t o  examine 
t h e  c o r r e l a t i o n  between f a l l  p a r a m e t e r s  and obse rved  i n j u r i e s .  
T h i s  s e c t i o n  a l s o  i n c l u d e s  d i s c u s s i o n  of  s e v e r a l  p o t e n t i a l  
" p r e d i c t o r s "  o f  head i n j u r y  and d i s c u s s i o n  of human t o l e r a n c e  
i m p l i c a t i o n s  o f  t h e  s t u d y  r e s u l t s .  S e c t i o n  E i s  g e n e r a l  
d i s c u s s i o n .  
2 .  Overview o f  I n v e s t i g a t e d  Cases .  Between August 1, 
1975,  and August 3 ,  1 9 7 6 ,  t h e  l o c a t i o n s  of  128 f a l l s  were 
v i s i t e d  by t h e  i n v e s t i g a t o r s .  I n  e i g h t e e n  i n s t a n c e s ,  t h e  
f a l l s  were n o t  i n v e s t i g a t e d  i n  d e p t h  because  t h e  s i t e  o r  
s u b j e c t  was i n a c c e s s i b l e  o r  because  t h e  f a l l  was c l e a r l y  
n o t  a  f r e e  f a l l .  D e t a i l e d  i n v e s t i g a t i o n s  were c a r r i e d  o u t  
f o r  110 f a l l s  i n  2 4  s t a t e s  and t h r e e  Canadian P r o v i n c e s .  
A d e t a i l e d  summary o f  e a c h  o f  t h e s e  110 c a s e s  h a s  been p r e -  
pa red  and i s  i n c l u d e d  a s  Appendix A o f  t h i s  r e p o r t .  These 
summaries c o n t a i n  d e s c r i p t i o n s  o f  t h e  f a l l  c i r c u m s t a n c e s  and 
impac t  s u r f a c e ;  t h e  s u b j e c t ' s  p h y s i c a l  c h a r a c t e r i s t i c s ,  
i n j u r i e s ,  and r e c o v e r y ;  and o t h e r  d a t a  such  a s  s o u r c e s  of  
i n f o r m a t i o n  and s i m u l a t i o n  r e s u l t s .  S u b j e c t s  and l o c a t i o n s  
a r e  n o t  i d e n t i f i e d  by name. Of t h e  c a s e s  t h a t  were i n v e s t i -  
g a t e d  i n  d e p t h ,  9 5  were t r u e  f r e e - f a l l s :  t h a t  i s ,  t h e r e  
was no i n t e r m e d i a t e  c o n t a c t  between t h e  p l a c e  from which t h e  
s u b j e c t  f e l l  and t h e  s u r f a c e  on which t h e  s u b j e c t  came t o  
res t .  Of t h e  r ema in ing  1 5  s u b j e c t s  who d i d  s t r i k e  an  i n t e r -  
med ia t e  s u r f a c e ,  t h r e e  f e l l  o n t o  s m a l l  bushes  t h a t  d i d  n o t  
seem t o  b r e a k  t h e  f a l l ,  t h r e e  f e l l  o n t o  a  po rch  r o o f  b e f o r e  
f a l l i n g  t o  t h e  ground ,  two may have  c o n t a c t e d  r a i l i n g s ,  two 
l anded  on a u t o m o b i l e s  and o n e  l anded  on a n o t h e r  p e r s o n .  The 
r ema in ing  f o u r  were p o s s i b l e  c o n t a c t s  w i t h  wires, s t a i r s ,  an  
awning, and a  l a d d e r .  
B .  Genera l  R e s u l t s  
1. Sampling B i a s e s .  I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  
d a t a  c o n s i d e r e d  i n  t h i s  s t u d y  do  n o t  r e p r e s e n t  a  s t a t i s t i c a l l y  
random sample o f  f r e e - f a l l  i n c i d e n t s  i n  t h e  Uni ted  S t a t e s  
and Canada. I n  a d d i t i o n ,  f r e e - f a l l s  a s  d e f i n e d  h e r e  con- 
s t i t u t e  a  s u b s e t  o f  a l l  f a l l s  a n d ,  a s  a  consequence ,  po t -  
e n t i a l l y  haza rdous  f a l l s  t h a t  a r e  n o t  f r e e - f a l l s  a r e  n o t  
r e p r e s e n t e d  i n  t h e  sample.  F r e e - f a l l s  o c c u r  less o f t e n  
t h a n  o t h e r  k i n d s  of  f a l l s ,  and t h e s e  less common i n c i d e n t s  
a r e  h i g h l i g h t e d  i n  t h i s  s t u d y .  The pr imary  purpose  o f  t h i s  
s t u d y  was t o  examine c e r t a i n  t y p e s  o f  f r e e - f a l l  a c c i d e n t s  
i n  d e p t h ,  n o t  t o  i d e n t i f y  a l l  hazardous  s i t u a t i o n s  i n  which 
f a l l s  occu r  n o r  t o  g e t  a c c u r a t e  s t a t i s t i c s  on i n j u r i e s  from 
a l l  t y p e s  o f  f a l l s .  
The f r e e - f a l l  s t a t i s t i c s  r e p o r t e d  i n  t h i s  s t u d y ,  s i n c e  
t h e y  were o b t a i n e d  from newspaper c l i p p i n g s ,  may have been 
a f f e c t e d  by t h e  f o l l o w i n g  sample b i a s e s :  
1. F r e e - f a l l s  from low h e i g h t s  which r e s u l t  i n  l i t t l e  
o r  no i n j u r y  a r e  less  l i k e l y  t o  b e  r e p o r t e d  i n  newspapers .  
Even f a l l s  from modera te  b u t  n o t  s p e c t a c u l a r  h e i g h t s  t h a t  
d i d  n o t  r e s u l t  i n  i n j u r y  may n o t  b e  r e p o r t e d .  
2 .  Some f r e e - f a l l s  may have been r e p o r t e d  i n  t h e  news- 
p a p e r s  b u t  n o t  s p o t t e d  by t h e  c l i p p i n g  s e r v i c e .  Although 
t h e  s e r v i c e  e s t i m a t e d  t h a t  93% o f  r e p o r t e d  items were c l i p p e d ,  
it i s  l i k e l y  t h a t  less s e v e r e  f a l l s  would b e  missed  more 
o f t e n  because  t h e y  may b e  r e p o r t e d  i n  s m a l l ,  i nconsp icuous  
a r t i c l e s .  
3.  Data g a t h e r e d  from news r e p o r t s  and n o t  v e r i f i e d  
by o n - s i t e  i n v e s t i g a t i o n  a r e  b i a s e d  i n  t h a t  i n a c c u r a c i e s  i n  
r e p o r t i n g  a r e  n o t  accounted  f o r .  For  example,  it  was occa-  
s i o n a l l y  d i s c o v e r e d  t h a t  what was d e s c r i b e d  a s  a  f r e e - f a l l  
was r e a l l y  a  broken  f a l l  o r  tumble down a  s l o p e .  The most 
c o n s i s t e n t l y  i n a c c u r a t e  r e p o r t i n g  was r e l a t e d  t o  t h e  h e i g h t  
o f  f a l l .  I n  t h e  4 8  c a s e s  where comparison was made between 
t h e  f a l l  h e i g h t  r e p o r t e d  and t h a t  a c t u a l l y  measured o n - s i t e ,  
t h e  newspaper a c c o u n t s  ave raged  21% h i g h  and sometimes were 
a s  much a s  100% h i g h .  D e t a i l s  abou t  t h e  s u r f a c e  impac ted ,  
body o r i e n t a t i o n ,  and t h e  i n j u r i e s  r e c e i v e d  were u s u a l l y  n o t  
ment ioned o r  were  i n a c c u r a t e .  The news c l i p p i n g s  were most 
a c c u r a t e  i n  r e p o r t i n g  names, a g e s ,  a d d r e s s e s ,  and f a l l  
l o c a t i o n s .  
With r e s p e c t  t o  t h e  i n v e s t i g a t e d  c a s e s ,  it was o u r  
o b j e c t i v e  t o  s t u d y  human t o l e r a n c e  a t  o r  app roach in?  t h e  l i m i t s  
o f  s u r v i v a l .  I t  s h o u l d  b e  n o t e d  t h a t  t h i s  approach  d i f f e r s  
from t h a t  used  by  some o t h e r  i n v e s t i g a t o r s  who d e f i n e  human 
t o l e r a n c e  a s  t h e  minimum l e v e l  a t  which i n j u r y  may o c c u r .  
Depending upon t h e  t o l e r a n c e  d e f i n i t i o n  c h o s e n ,  s e v e r a l  add- 
i t i o n a l  s t a t i s t i c a l  b i a s e s  cou ld  b e  i n t r o d u c e d  which can  a f f e c t  
t h e  u s e  o f  human t o l e r a n c e  e s t i m a t e s  r e s u l t i n g  from t h i s  s t u d y .  
1. Many f r e e - f a l l s  t h a t  r e s u l t e d  i n  f a t a l i t i e s  were 
n o t  i n v e s t i g a t e d .  T h i s  may have r e s u l t e d  i n  o v e r - r e p r e s e n t a t i o n  
o f  t h e  s t r o n g e r  segments  o f  t h e  p o p u l a t i o n .  Thus,  t o l e r a n c e  
v a l u e s  c a l c u l a t e d  from t h e  i n v e s t i g a t e d  f a l l s  c o u l d  b e  b i a s e d  
towards  t h e  s t r o n g e r  members o f  t h e  p o p u l a t i o n .  
2 .  Only f i v e  f a l l s  o f  i n d i v i d u a l s  o v e r  s i x t y  y e a r s  o l d  
were i n v e s t i g a t e d .  The e l d e r l y  compr ised  o n l y  13% of  f r e e -  
f a l l s  and 9% o f  i n v e s t i g a t e d  f a l l s ,  though t h e y  c o n s t i t u t e  a  
l a r g e  m a j o r i t y  (71% i n  1975)  o f  a l l  f a l l s .  The e l d e r l y  o f t e n  
a r e  f a t a l l y  i n j u r e d  i n  f a l l s  o f  a l l  t y p e s ,  s o  t h e  d a t a  c o l l e c t e d  
d i d  n o t  i n c l u d e  many o f  t h e  most v u l n e r a b l e  i n d i v i d u a l s  i n  
t h e  p o p u l a t i o n .  
3. Most o f  t h e  o n - s i t e  i n v e s t i g a t i o n s  were  f o r  f a l l s  
o n t o  r i g i d  s u r f a c e s .  T h e r e f o r e ,  i n j u r y  t o l e r a n c e  v a l u e s  from 
such  d a t a  would r e f l e c t  human r e s p o n s e  unde r  t h e  s e v e r e s t  
c o n d i t i o n s  . 
2 .  Data Bases  and A q e  ~ i s t r i b u t i o n s .  Newspaper c l i p p i n g s  
were  o b t a i n e d  f o r  t h e  p e r i o d  mid-July 1975 t h r o u g h  mid-August 
1976. I n  t h o s e  1 3  months ,  a  t o t a l  o f  3151 c l i p p i n g s  were 
r e c e i v e d ,  w i t h  most o f  them coming from t h e  c l i p p i n g  s e r v i c e .  
Only 75 c l i p s  were n o t  f r e e - f a l l s  a c c o r d i n g  t o  t h e  c r i t e r i a  
t h a t  were p rov ided  t o  t h e  c l i p p i n g  s e r v i c e .  Another  82 were 
e x a c t  d u p l i c a t e s  o f  c l i p s  a l r e a d y  r e c e i v e d  from o t h e r  
p a p e r s  owned by t h e  same p u b l i s h e r .  Thus,  a  t o t a l  o f  2994 
unique  c l i p p i n g s  a b o u t  f r e e - f a l l s  were r e c e i v e d  i n  t h e  s t u d y  
p e r i o d .  T h i s  t o t a l  i n c l u d e s  b o t h  t h e  s i t u a t i o n  i n  which t h e  
same s t o r y  was r e p o r t e d  w i t h  d i f f e r e n t  a r t i c l e s  and i n  which 
t h e  f a l l s  o f  more t h a n  one p e r s o n  were r e p o r t e d  i n  a  s i n g l e  
a r t i c l e .  Adjustment  f o r  t h e s e  d u p l i c a t i o n s  gave a  t o t a l  of  
2257 i n d i v i d u a l  f a l l s  t h a t  were r e p o r t e d .  
S i n c e  t h e  months o f  J u l y  1975 and August 1976 i n c l u d e d  
o n l y  p a r t i a l  c o v e r a g e ,  and s i n c e  a  one-year  p e r i o d  was de-  
s i r a b l e  f o r  s t a t i s t i c a l  p u r p o s e s ,  f a l l s  t h a t  o c c u r r e d  i n  
J u l y  1975 and August 1976 were n o t  i n c l u d e d  i n  t h e  c l i p p i n g  
d a t a  a n a l y s i s .  An a d d i t i o n a l  123  f a l l s  were t h u s  e l i m i n a t e d ,  
and o n l y  t h e  2134 f a l l s  t h a t  were r e p o r t e d  a s  hav ing  o c c u r r e d  
from August 1, 1975 th rough  J u l y  31,1976,were i n c l u d e d  i n  t h e  
a n a l y s i s .  
F i g u r e  5 ,  which shows t h e  d a t a  c l a s s i f i e d  by t h e  month 
i n  which t h e  f a l l  o c c u r r e d ,  i l l u s t r a t e s  t h a t  fewer  f a l l s  
were r e p o r t e d  d u r i n g  t h e  c o l d e r  months o f  t h e  y e a r .  November, 
December and J a n u a r y  had t h e  f e w e s t  f a l l s ,  w h i l e  J u n e ,  J u l y  
and August had t h e  most.  Presumably,  t h e  o p p o r t u n i t i e s  f o r  
f a l l s  a r e  reduced  by c o l d  wea the r  c o n d i t i o n s  which r e s t r i c t  
r e c r e a t i o n  and o u t d o o r  a c t i v i t i e s  and c a u s e  windows t o  be  
k e p t  c l o s e d .  
F i g u r e  5 a l s o  c o n t a i n s  a  breakdown of  f a l l s  by t h e  s e x  
o f  t h e  i n d i v i d u a l .  S i x  times a s  many males  a s  f ema les  were 
i n v o l v e d  i n  r e p o r t e d  f r e e - f a l l s  (1830 v s  304) i n  t h e  one-year  
p e r i o d .  Males c o n s t i t u t e  n e a r l y  86% of  a l l  r e p o r t e d  f a l l s ,  
and t h i s  p r o p o r t i o n  remained r e l a t i v e l y  c o n s t a n t  t h roughou t  
t h e  y e a r  ( r a n g e :  82 .1 -90 .3%) .  There  i s  no i n d i c a t i o n  t h a t  
s e a s o n a l l y - r e l a t e d  a c t i v i t i e s  performed p r i m a r i l y  by males  
( s u c h  a s  b u i l d i n g  c o n s t r u c t i o n )  a f f e c t  t h e  male-female  r a t i o  
o f  f a l l s .  
Fiqure 5. Distribution by Month of 2134 Individual Falls 
in the Period 1 Aua 75 throuqh 31 Jul 7 6  
Newspapers r e p o r t e d  t h e  age  o f  t h e  f a l l  v i c t i m  88% of  
t h e  time, s o  i t  was p o s s i b l e  t o  a n a l y z e  t h e  d a t a  t o  de t e rmine  
t h e  e f f e c t s  of  age  on t h e  f r equency  of  f a l l s .  The r e s u l t s  
were grouped i n t o  t h r e e  age  c a t e g o r i e s  f o r  c h i l d r e n  and t e e n -  
a g e r s  (0 -6 ,  7-12, and 13-19 y e a r s . )  I n d i v i d u a l s  o l d e r  t h a n  
19 y e a r s  were c l a s s i f i e d  by t e n - y e a r  i n t e r v a l s ,  e x c e p t  t h a t  
a l l  p e r s o n s  70 y e a r s  and o l d e r  were c l a s s i f i e d  t o g e t h e r .  For 
f a l l s  i n v o l v i n g  p e r s o n s  o f  u n r e p o r t e d  a g e ,  t h e  c l i p p i n g s  
were reviewed t o  d e t e r m i n e  a  g e n e r a l  l e v e l  o f  m a t u r i t y  ( c h i l d ,  
t e e n a g e r ,  o r  a d u l t ) .  Using t h i s  t e c h n i q u e ,  f o u r  p e r s o n s  were 
c l a s s i f i e d  a s  c h i l d r e n  under  1 2 ,  seven  a s  t e e n a g e r s ,  and 236 
a s  a d u l t s .  Only 8 p e r s o n s  c o u l d  n o t  b e  s o  c l a s s i f i e d .  F i g u r e  
6 summarizes t h e  r e s u l t s  o f  a n a l y s i s  by age .  I n  e v e r y  age  
c a t e g o r y ,  more males  a r e  r e p r e s e n t e d  t h a n  f ema les .  During t h e  
"working y e a r s , "  from a g e s  20 th rough  69,  i n  e v e r y  age  c a t e -  
gory  males  e x p e r i e n c e d  90% o f  t h e  f a l l s .  The l a r g e s t  pe r -  
c e n t a g e  o f  r e p o r t e d  f a l l s  ( 3 9 % )  o c c u r r e d  among you ths  and 
young a d u l t s  (13-29 y e a r s ) .  The f a l l  d e s c r i p t i o n s  i n  t h e  
c l i p p i n g s  i n d i c a t e  t h a t  t h e s e  a r e  t h e  a g e s  a t  which b o t h  males 
and f ema les  u n d e r t a k e  t h e  most haza rdous  r e c r e a t i o n a l  and 
o c c u p a t i o n a l  a c t i v i t i e s .  T h i s  age  group c o n s t i t u t e s  t h e  seg-  
ment of t h e  p o p u l a t i o n  t h a t  i s  most a t  r i s k  o f  b e i n g  invo lved  
i n  a  f r e e - f a l l .  
I t  i s  i n t e r e s t i n g  t o  n o t e  t h e  d i f f e r e n c e  i n  d a t a  b a s e  be- 
tween a  s t u d y  o f  f r e e - f a l l  a c c i d e n t s  and f a l l s  o f  a l l  t y p e s .  
Data c o n c e r n i n g  a l l  f a l l s ,  i n c l u d i n g  f r e e - f a l l s ,  impeded f a l l s ,  
and f a l l s  o n t o  t h e  same l e v e l ,  were  p rov ided  i n  t h e  N a t i o n a l  
S a f e t y  Counc i l  p u b l i c a t i o n  Acc iden t  F a c t s  ( 1 9 7 7 ) .  S e v e r a l  
c a t e g o r i e s  o f  d a t a  were chosen f o r  comparison of n a t i o n a l  
d a t a  f o r  a l l  f a l l s  and newspaper r e p o r t s  o f  f r e e - f a l l s .  These 
a r e  p r e s e n t e d  i n  T a b l e  3. 
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Sex and a g e  d i s t r i b u t i o n  d a t a  a r e  shown i n  F i g u r e  7 f o r  
t h e  1 1 0  i n v e s t i g a t e d  c a s e s .  The f a l l s  o f  8 6  males  and 2 4  
f ema le s  were s t u d i e d ;  t h i s  i s  a l s o  t h e  app rox ima te  r a t i o  
o f  males  t o  f ema le s  s e e n  i n  t h e  newspaper c l i p p i n g s .  I t  
was i n t e n d e d  t o  i n c l u d e  more f e m a l e s ,  b u t  t o o  few f a l l s  
by f ema le s  were  r e p o r t e d  which s a t i s f i e d  t h e  c r i t e r i a  f o r  
i n v e s t i g a t i o n .  The o b j e c t i v e  o f  c o n c e n t r a t i n g  i n v e s t i g a t i o n  
a c t i v i t i e s  on f a l l s  by c h i l d r e n  and t h e  e l d e r l y  was accom- 
p l i s h e d :  65% o f  t h e  s u b j e c t s  were  p e r s o n s  under  1 9  y e a r s  
o l d  and 9% were o v e r  50 y e a r s  o l d .  F o r t y  p e r c e n t  of a l l  
s u b j e c t s  were c h i l d r e n  under  a g e  s i x ,  and f ema le s  were a  
l a r g e  p e r c e n t a g e  o f  t h i s  group.  Most of  t h e  f a l l s  o f  
a d u l t  males  aged 20-49 were i n c l u d e d  because  o f  c l o s e  s i m -  
i l a r i t i e s  between t h e i r  f a l l s  and t h e  f a l l s  o f  c h i l d r e n .  
3 .  A n a l y s i s  by Gene ra l  C h a r a ~ t e r i ~ s t i c s  o f F a l l s  
a .  Newspaper C l i p p i n g s .  The d i s t r i b u t i o n  of  f r e e -  
f a l l s  by t y p e  o f  f a l l  i s  shown i n  T a b l e  4 f o r  t h e  2134 f a l l s  
r e p o r t e d  f rom August 1975 t h r o u g h  J u l y  1976. The d a t a  a r e  
f u r t h e r  s u b d i v i d e d  by sex and a r e  shown f o r  t h r e e  a g e  g roups  
( c h i l d r e n ,  t e e n a q e r s  and a d u l t s ) .  A l l  a d u l t s  a r e  i n c l u d e d  
i n  one  a g e  group  because  t h e  e x a c t  a g e  o f  236 o f  t h e s e  
i n d i v i d u a l s  was n o t  r e p o r t e d .  R e g a r d l e s s  o f  a g e ,  more males  
t h a n  f ema le s  were i n v o l v e d  i n  e v e r y  t y p e  of  f a l l .  I n  con- 
s t r u c t i o n  and o c c u p a t i o n a l  f a l l s ,  t h e r e  were  v i r t u a l l y  no 
female  v i c t i m s ,  p r o b a b l y  r e f l e c t i n g  t h e  f a c t  t h a t  women a r e  
n o t  o f t e n  employed i n  haza rdous  o c c u p a t i o n s .  C h i l d r e n  t e n d  
t o  f a l l  from s t r u c t u r e s  i n  b u i l d i n g s  and from t h e  o u t s i d e  
s u r f a c e s  o f  b u i l d i n g s  and o t h e r  s t r u c t u r e s ,  and t h e y  seldom 
f a l l  f rom c l i f f s  o r  o t h e r  n a t u r a l  h a z a r d s .  Only f o u r  c h i l d -  
r e n  f e l l  a f t e r  g a i n i n g  a c c e s s  t o  c o n s t r u c t i o n  s i tes .  Some 
t e e n a g e r s  do  s u f f e r  o c c u p a t i o n a l  f a l l s ,  though  it was n o t  
p o s s i b l e  t o  d e t e r m i n e  i f  t h e i r  involvement  i s  p r o p o r t i o n a l  
t o  t h a t  o f  a d u l t s .  Teenage r s  a r e  more o f t e n  i n v o l v e d  i n  
f a l l s  r e l a t e d  t o  haza rdous  r e c r e a t i o n a l  a c t i v i t i e s - - m a n y  
f a l l  w h i l e  h i k i n g  and mountain  c l i m b i n g .  A d u l t s  compr ised  
Males 17 n = 86 (78%) 
Females n = 24 
1-3 7-9 13- 16 20-29 40-49 60-69 
4-6 10-12 17- 19 30-39 50-59 70 t 
Age in Years 
7- 12 20-49 
Aqe Category 
Figure 7. Distribution of Investigated Cases 
by Age and Sex. 
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D i s t r i b u t i o n  o f  Repor t ed  F a l l s  by Type o f  F a l l  
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09 Elevators F 2 1 3 6 15.0 
M 6 4 24 34 85.0 
T 8 5 27 4 0 1.9 
10 Mi sce: 1 aneous 
1 1  Other Occupational F 0 0 0 0 0 
M 0 3 109 112 100 
T 0 3 109 112 5.2 
Notes  : 
'For more comple t e  c a t e g o r y  d e s c r i p t i o n s  S e e  T a b l e  1. 
L F=Female M=Male T=To ta l  of b o t h  Sexes  
3~11 a d u l t s  a r e  i n c l u d e d  i n  one a g e  g roup  b e c a u s e  t h e  
e x a c t  a g e  o f  236 of  t h e s e  a d u l t s  was n o t  r e p o r t e d .  
4 ~ e r c e n t  o f  t o t a l  (2134)  f a l l s .  
The f a l l s  o f  5 f e m a l e s  and 8 ma le s  c o u l d  n o t  be c a t e g o r i z e d .  
t h e  m a j o r i t y  of  f a l l s  i n  a l l  c a t e g o r i e s  e x c e p t  trees ( 0 4 ) *  
and s c h o o l s  ( 0 8 ) ,  and a  m a j o r i t y  o f  a d u l t  f a l l s  a r e  r e l a t e d  
t o  o c c u p a t i o n a l  a c c i d e n t s .  
From t h e  r e s u l t s  shown i n  T a b l e  4 ,  s e v e r a l  o b s e r v a t i o n s  
can  be  made r e g a r d i n g  s p e c i f i c  f a l l  c a t e g o r i e s .  A l a r g e  
number o f  f a l l s  a t  b u i l d i n g s  under  c o n s t r u c t i o n  ( 0 1 )  were 
t h e  r e s u l t  o f  workmen f a l l i n g  from l o o s e  s c a f f o l d s  o r  open 
beams. Many s c a f f o l d s  and l a d d e r s  a r e  i nvo lved  i n  f a l l s  
from b u i l d i n g s  b e i n g  m a i n t a i n e d  o r  r e p a i r e d  (02) ,  and t h i s  
c a t e g o r y  a l s o  i n c l u d e s  many f a l l s  from r o o f s  and e a v e s .  The 
f a l l s  from e x i s t i n g  b u i l d i n g s  ( 0 3 )  a r e  n o t  o c c u p a t i o n a l  and 
i n c l u d e  t h e  most haza rdous  s i t u a t i o n s  f o r  young c h i l d r e n .  
E i g h t y - s i x  of  t h e  136 c h i l d r e n  i n c l u d e d  i n  t h i s  c a t e g o r y  
were age  4 o r  u n d e r ,  and a  m a j o r i t y  of  t h e i r  f a l l s  were 
from open windows o r  o p e n - r a i l i n g  b a l c o n i e s .  T h i s  c a t e g o r y  
a l s o  i n c l u d e s  s u i c i d e  a t t e m p t s  by p e o p l e  who jump from 
b u i l d i n g s .  There  were 61  f a l l s  from trees ( 3 %  o f  a l l  f a l l s )  
and s l i g h t l y  o v e r  h a l f  were c h i l d r e n  a t  p l a y .  
The p r imary  r e c r e a t i o n a l  f a l l  h a z a r d s  a r e  r e l a t e d  t o  
rocky  a r e a s  and l e d g e s ,  and Ca tegory  05  i n c l u d e d  2 2 %  o f  a l l  
f a l l s .  Few c h i l d r e n  f e l l  f rom c l i f f s  and t r a i l s ,  b u t  many 
t e e n a g e r s  and young a d u l t s  d i d .  Mountain c l i m b i n g  f a l l s  and 
f a l l s  i n t o  abandoned q u a r r i e s  and mine s h a f t s  were f r e q u e n t l y  
r e p o r t e d .  However, fewer  t h a n  13% o f  t h e  f a l l s  from rock  
i n v o l v e d  p e r s o n s  o v e r  30 y e a r s ,  r e f l e c t i n g  t h e  y o u t h - o r i e n t e d  
n a t u r e  of  t h e s e  a c t i v i t i e s .  Non-occupat iona l  f a l l s  from 
s t r u c t u r e s  o t h e r  t h a n  b u i l d i n g s  comprised Category  06. These 
were f a l l s  f rom b r i d g e s ,  t r e s t l e s ,  w a l l s ,  e t c . ,  and a l l  age  
g roups  were r e p r e s e n t e d .  Again ,  a  number of  t h e  a d u l t  f a l l s  
i n  t h i s  g roup  were s u i c i d e  a t t e m p t s .  Skyd iv ing  and hang- 
g l i d i n g  a c c i d e n t s  were r e p o r t e d  f o r  47 i n d i v i d u a l s  ( 2 %  o f  
f a l l s ) .  Most o f  t h e s e  r e s u l t e d  f rom p a r t i a l l y  opened p a r a c h u t e s  
* In  t h e s e  p a r a g r a p h s ,  t h e  numbers i n  p a r e n t h e s e s  r e f e r  t o  
t h e  c a t e g o r y  number i n  T a b l e  4 .  
or  collapsed hang-gliders. A l l  but four skydiving accidents 
occurred t o  people between the  ages of 1 7  and 39 .  
The few f a l l s  which occurred i n  schools (Category 0 8 )  
were generally f a l l s  i n  gymnasiums or  through skyl ights  or 
from diving boards. Schools were apparently safe  places t o  
work, a s  only 3 adul t s  f e l l  while performing school main- 
tenance work. Ten elevator-shaft  f a l l s  (Category 0 9 )  
occurred when young people attempted t o  escape from elevators  
t h a t  were stuck between f loors .  T h i s  problem was more 
common i n  b ig-c i ty ,  low-income housing pro jec ts .  Several 
workmen f e l l  when f r e i g h t  e levator  sa fe ty  gates  malfunc- 
t ionedand the  men walked i n t o  open sha f t s  i n  poorly lit areas.  
Category 11 included miscellaneous occupation-related f a l l s  
such as  those of telephone linemen or  l i f t  truck and crane 
operators.  Unspecified f a l l s  "on the job" were a l s o  includ- 
ed here. 
A summary of the  hazard da ta  from Table 4 i s  presented i n  
Table 5 ,  i n  which various f a l l  categories  a re  grouped 
according t o  t h e i r  general nature.  Free- fa l l s  t h a t  occurred 
t o  persons engaged i n  t h e i r  normal occupations a re  included 
i n  Categories 0 1 ,  0 2 ,  and 11. They cons t i tu te  the l a rges t  
group, 757  reported f a l l s  or 36% of the  t o t a l .  The pre- 
dominance of males i n  hazardous occupations i s  noted: 99% 
of those who f e l l  a t  work were males. The categories  which 
include recrea t ional  a c t i v i t i e s  ( 0 4 ,  0 5 ,  and 0 7 )  contain 
569  f a l l s ,  2 7 %  of the  t o t a l .  Non-occupational f a l l s  from 
buildings and other s t ruc tu res  (Categories 0 3  and 0 6 )  con- 
s t i t u t e  another la rge  group: 658 reported f a l l s ,  31% of 
the t o t a l .  This l a s t  group i s  fur ther  subdivided by age t o  
i l l u s t r a t e  t h a t  males cons t i tu te  about three-quarters of 
these f a l l s  regardless  of age. The above r e s u l t s  show t h a t  
there  i s  a need t o  provide b e t t e r  f a l l  protect ion for  younq 
people in  and around buildings and for  workers a t  t h e i r  jobs. 
Tab le  5 
D i s t r i b u t i o n  of F a l l s  by Type of Hazard 
Number of Fa1 1 s 
% Hazard Total  a s  
Type of Hazard Female Male Total  Males % of Total Fa1 1s  
1 )  Pr imar i ly  Occupational (Ca tegor ies  01,  02,  11 ) 
Ages 20+ 10 747 7 5 7 98.7 35.5 
2 )  Pr imar i ly  Recreat ional  (Ca tegor ies  04,  05,  07)  
All age groups 89 480 569 84.4 26.7 
3 )  Pr imar i ly  Ex is t ing-S t ruc tu re  Hazards (Non-occupational)  (Cat .  03,  06) 
Ages 0-12 52 133 185 71.9 8 .7  
13- 19 2 4 7 8 10 2 76.5 4.8 
20+ 9 7 27 1 36 8 73.6 17.2 
All age groups 173 485 6 58 73.7 30.8 
b. I n v e s t i s a t e d  Cases .  Genera l  r e s u l t s  o f  t h e  i n -  
v e s t i g a t e d  c a s e s  a r e  summarized i n  Tab le  6  f o r  s e v e r a l  
env i ronmen ta l  c h a r a c t e r i s t i c s  of  t h e  f a l l s .  Data a r e  p re -  
s e n t e d  f o r  t h e  t y p e s  of  f a l l s ,  f a l l  d i s t a n c e ,  and t y p e  
of  s u r f a c e  impacted.  
The d i s t r i b u t i o n  o f  f a l l s  by t y p e  of  f a l l  f o r  t h e  
i n v e s t i g a t e d  cases ( T a b l e  6 ,  P a r t  1) i s  v e r y  d i f f e r e n t  
from t h a t  f o r  t h e  newspaper c l i p p i n g s .  Most o f  t h e  f a l l s  
t h a t  were s e l e c t e d  f o r  in -depth  s t u d y  were t h o s e  from 
e x i s t i n g  s t r u c t u r e s ,  s i n c e  many f a l l s  o f  c h i l d r e n  were o f  
t h i s  t y p e .  Although few o c c u p a t i o n a l  f a l l s  were s t u d i e d ,  
t h e y  were t h e  s o u r c e  o f  many of t h e  a d u l t  c a s e s .  Few 
r e c r e a t i o n a l  f a l l s  were i n v e s t i g a t e d ,  s i n c e  t h e y  o f t e n  
involved  l o c a t i o n s  f a r  from t h e  s u b j e c t ' s  home o r  had 
i n d e f i n a b l e  impact  s u r f a c e s .  The s i n g l e  sky-d iv ing  f a l l  
was a  l o c a l  occu r rence .  Although t h e  p a r a c h u t i s t  was 
k i l l e d  on impac t ,  t h e  c a s e  was of i n t e r e s t  because  t h e  
p o l i c e  c o n t a c t e d  one of  t h e  i n v e s t i g a t o r s  immediately  and 
an on-scene i n v e s t i g a t i o n  was p o s s i b l e .  
A s  no t ed  i n  Chapter  2 ,  t h e  s e l e c t i o n  p r o c e s s  tended  t o  
s c r e e n  o u t  f a l l s  of  less t h a n  10 f e e t  ( 3  m )  and g r e a t e r  t h a n  
30 f e e t  ( 9  m ) .  Tab le  6 ,  P a r t  2 ,  shows t h a t  75% o f  t h e  o n - s i t e  
i n v e s t i g a t i o n s  were f o r  f a l l s  of l e s s  t han  30 f e e t ,  and 52% 
o f  t h e  c a s e s  were f o r  f a l l s  o f  from 10 t o  20 f e e t  (3-6 m ) .  
Nine f a l l s  o f  g r e a t e r  t han  50 f e e t  (15  m) i nvo lved  s u r v i v a l  
under  unusua l  c i r cums tances  and were t h e r e f o r e  of s p e c i a l  
i n t e r e s t .  
P a r t  3 o f  T a b l e  6  i n d i c a t e s  t h a t  76 o f  t h e  i n v e s t i g a t e d  
f a l l s  ( 6 9 % )  invo lved  i n i t i a l  c o n t a c t  w i t h  a  r i g i d  s u r f a c e .  
Only 18% o f  t h e  i n v e s t i g a t i o n s  i nvo lved  impac t s  on o t h e r  t h a n  
hard  s u r f a c e s .  Fo r  t h e  purposes  o f  t h e  summary i n  Tab le  6 ,  
t h e  f o l l o w i n g  a r b i t r a r y  d e f i n i t i o n s  were adopted :  " r i g i d "  
s u r f a c e s  were u n y i e l d i n g  ones  such a s  c o n c r e t e ,  a s p h a l t ,  
Table 6 
Distribution of Cases by Environmental Factors 
1 .  Fall  Categories  (See Table 1 f o r  Complete D e f i n i t i o n s )  
No.of % of  No.of % o f  
Category Cases Cases -- Cases Cases Category 
01 Bui ldings-  5 
Constr .  
02 Bui ldings-  19 
Repa i r 
03 Bui ldings-  68 
Exis t ing  
04 Trees  3 
05 Rock 1 
2 .  Fa1 1 Distance 
Age Group 
(M + F )  
1-3 y r s  
50+ 2 - 
Total  6 
4 . 5 %  06 Other 8 7.3% 
S t r u c t u r e s  
17.3% 07 Airplanes  1 0 .9  
61.8% 08 Schools 2 1.8 
09 Eleva tors  2 1 . 8  
2 ' 7  10 Misc. 0 0 
11 Other 1 0 . 9  
O C C U P .  
Height of Fal l  ( i n  f e e t )  1 f t .  .3m 
% of 
Cases 5.5% 30.0 21.8 10.9 6.4 15.5 5.5 4.5 
3. Type of Surface Impacted 
Surface* Rigid Hard Moderate S o f t  Crushable 
No. of  Cases 7 6 14 9 8 3 
% of Cases 69.1% 12.7 8.2 7 . 3  2.7 
* See Text f o r  d e f i n i t i o n s .  
s t e e l ,  r o o f s  and t h i c k  i c e ;  "hard"  s u r f a c e s  were hard-packed 
and f rozen  s o i l  o r  wooden p la t fo rms ;  "moderate" s u r f a c e s  were 
normal grass-covered lawns; " s o f t "  s u r f a c e s  were damp s o i l s ,  
bushes,  and sand;  and t h e  "c rushab le"  s u r f a c e s  were automobile  
r o o f s  and hoods. 
C. I n j u r y  R e s u l t s  of  a  General Nature.  
1. I n j u r y  Informat ion  from Cl ipp ings .  Newspaper accounts  
of i n j u r i e s  r e s u l t i n g  from f a l l s  were u s u a l l y  n o t  s p e c i f i c .  
Approximately 15% of  t h e  f a l l  r e p o r t s  lacked any i n j u r y  i n f o r -  
mation. Often t h e  on ly  i n d i c a t i o n  of i n j u r y  was t h a t  an 
i n d i v i d u a l  was r e p o r t e d  i n  " c r i t i c a l "  o r  " s a t i s f a c t o r y "  con- 
d i t i o n .  However, t h e  two extremes o f  injury--no i n j u r i e s  and 
f a t a l i t i e s - - d i d  seem t o  be r e p o r t e d  a c c u r a t e l y .  Only 4 3  of 
t h e  f a l l s  ( 2 % )  r e s u l t e d  i n  r e p o r t s  of  "no i n j u r y " .  A t  t h e  
o t h e r  extreme,  830 f a l l s  ( 3 9 %  of  a l l  r e p o r t e d  f a l l s )  had 
r e s u l t e d  i n  a  f a t a l i t y  by t h e  t ime t h e  f a l l  was r e p o r t e d  i n  
t h e  newspaper. Males and females were found t o  have about  
t h e  same frequency of f a t a l  i n j u r i e s .  
Table  7 summarizes f a t a l i t y  s t a t i s t i c s  from t h e  news- 
paper  c l i p p i n g s  f o r  t h e  v a r i o u s  t y p e s  of  f a l l s .  The r e s u l t s  
show t h a t  occupa t iona l  f a l l s  and r e c r e a t i o n a l  f a l l s  from 
rock each have about  t h e  same pe rcen tage  of f a t a l i t i e s .  
Sky-diving f a l l s  were t h e  most l i k e l y  of any t o  cause  d e a t h  
(75% f a t a l i t i e s ) ,  b u t  t h i s  i s  n o t  s u r p r i s i n g  given t h e  f a l l  
d i s t a n c e s  involved i n  pa rachu te  f a i l u r e s .  F a l l s  a t  school  
caused t h e  fewest  f a t a l i t i e s ,  p o s s i b l y  because t h e  t y p i c a l  
f a l l  involved a c h i l d  f a l l i n g  a  s h o r t  d i s t a n c e .  
F i g u r e  8 shows t h e  age d i s t r i b u t i o n  of f a t a l i t i e s  and 
t h e  pe rcen tage  of  f a t a l i t i e s  by age group. Persons  under 
twenty y e a r s  s u f f e r e d  f a t a l i t i e s  2 7 %  of t h e  t ime ;  t h o s e  
f r 0 m 2 0  t o  4 9  y e a r s ,  4 6 %  of t h e  t ime;  and those  over  50 y e a r s ,  
64 .5% o f  t h e  time. These r e s u l t s  a p p a r e n t l y  r econf i rm what 
has  been noted by many o t h e r  r e s e a r c h e r s  i n  many d i f f e r e n t  
Table 7 
Summary of F a t a l i t i e s  
Category 
01 Bl dgs-Const. 
02 Bl dgs-Repai r 
03 Bl dgs-Exi s t i n g  
04 Trees 
05 Rock 
06 Other S t r u c t .  
07 Airplanes 
08 Schools 
09 Elevators  
10 Misc. 
11 Other Occup. 
Number 
0 f 
Fa1 1s  
Number 
0 f 
Fatal  i t i e s  
7 1 
Percent 
Fatal i t i e s  
32.0% 
38.1 
Sexes a r e  combined. 13 f a l l s ,  inc lud ing  5 f a t a l i t i e s ,  
could n o t  be c l a s s i f i e d  a s  t o  Category. 
1-1 Non - fatal 
a Fatal 
Age In Years 
. ' F i g u r e  8 .  F a t a l i t i e s  Repor t ed  f o r  D i f f e r e n t  Age Groups 
56  
studies--the older an individual, the more serious the con- 
sequences of injury. 
2. General Injury Results from Investigated Cases. 
In most investigated cases, it was possible to estimate which 
part of the body made initial contact with the impact surface. 
These estimates were usually made by the investigator after 
obtaining subject recollections, witness statements, and 
detailed injury information. The data in Table 8,Part I, 
show the estimated principal point of contact of the fall 
victim. The largest percentage of investigations were for 
head-first falls. The data also show that children tended 
to land on their heads and adults tended to land on their 
feet or sides. These same data were examined for influence 
of fall distance on position at impact (Table 8, Part 2). 
Persons who fell less than 20 feet (6.1 m) landed on their 
heads 74% of the time, while persons who fell more than 
20 feet landed on their feet 63% of the time. The investi- 
gation data show that children tended to land head-first 
regardless of fall distance, but especially in falls of less 
than 20 feet. Examination of fall circumstances shows that 
many of these children started falling from a standing position 
and rotated during the fall to land on their heads. The 
relatively larger head mass and head dimensions of children 
compared to adults probably contributed to the greater like- 
lihood of children landing head-first. Adults, perhaps because 
of better coordination, tended to try and maintain a standing 
position while falling so that they landed on their feet, or 
at least on their sides while attempting to achieve a feet- 
first attitude. 
The limited data available from newspaper clippings 
also tended to support the observations from the field investi- 
gations. The clipping data for falls from existing structures 
(Category 03) were reviewed, since there was a good distribution 
by age in that category. More head injuries were reported 
for children age 12 and under than for teenagers or adults. 
Table 8 
Distribution of Cases by Body Impact Point 
1. Body Contact Point 
Age Group Estimated Initial or Primary Body Contact 
(M + F) 
Head Back Side Seat Upr. Extr. Lwr. Extr. 
Total 
% of Cases 
The primary contact could not be determined in 1 1  cases. 
2. Body C o n t a c t  as a  F u n c t i o n  o f  Fa1 1  D i s t a n c e  
I n i t i a l  C o n t a c t  and F a l l  D i s t a n c e  
Age 
Group 
1 - 3  





H e a d - f i  r s t  S i d e - f i r s t  F e e t - f i r s t -  
(20 ft* 2 0  ft (20 f t* 20 f t  <20 ft* 20 fi ------
Head i n j u r i e s  were n o t e d  f o r  46% o f  t h e  c h i l d r e n ,  36% o f  
t e e n a g e r s ,  and 2 1 %  o f  a d u l t s  who f e l l .  However, even 
though c h i l d r e n  s u s t a i n  head i n j u r i e s  more o f t e n ,  t h o s e  
i n j u r i e s  prove  f a t a l  less o f t e n .  The newspaper d a t a  i n d i -  
c a t e d  t h a t ,  f o r  c h i l d r e n  and t e e n a g e r s ,  16% o f  r e p o r t e d  
head i n j u r i e s  were f a t a l  i n j u r i e s ;  t h e  comparable  f a t a l i t y  
r a t e  f o r  a d u l t s  was 39%. 
Major i n j u r i e s  s u s t a i n e d  by s u b j e c t s  i n  t h e  i n v e s t i g a t e d  
c a s e s  a r e  shown i n  T a b l e  9 .  Medical  i n f o r m a t i o n  o b t a i n e d  
from t h e  c a s e s  showed t h a t  48% o f  t h e  p e r s o n s  who f e l l  sus -  
t a i n e d  s i g n i f i c a n t  head i n j u r i e s  - s k u l l  f r a c t u r e  and/or  
c o n c u s s i o n .  A m a j o r i t y  of  such  head i n j u r i e s  o c c u r r e d  t o  
c h i l d r e n .  However, t e e n a g e r s  and a d u l t s  i n c u r r e d  s e r i o u s  
head i n j u r i e s  f a r  o u t  o f  p r o p o r t i o n  t o  t h e i r  p e r c e n t a g e  of  
h e a d - f i r s t  f a l l s .  I n  s e v e r a l  c a s e s ,  s u b j e c t s  r e c e i v e d  head 
i n j u r i e s  because  o f  s econda ry  impact  o f  t h e  head a f t e r  i n i t i -  
a l l y  l a n d i n g  on t h e i r  f e e t  o r  s i d e .  
The 27  i n j u r i e s  c l a s s i f i e d  a s  i n t e r n a l  i n j u r i e s  o r  
s p i n a l  f r a c t u r e s  a r e  p r i m a r i l y  pneumo/hemothorax o r  f r a c t u r e s  
of t h e  lumbar v e r t e b r a e  o r  r i b s .  Three  a d u l t  s u b j e c t s  s u f -  
f e r e d  f r a c t u r e s  of  t h e  c e r v i c a l  s p i n e  ( a n  18 y e a r  o l d  female  who 
f e l l  7 3  f e e t ,  a  37 y e a r  o l d  ma le  who impacted f e e t  f i r s t  a t  ter-  
m i n a l  v e l o c i t y  and a  33 y e a r  o l d  male  who l anded  prone  on a  c u r b  
a f t e r  f a l l i n g  15  f e e t ) .  No c h i l d r e n  i n  t h e  i n v e s t i g a t e d  c a s e s  
had any neck i n j u r i e s  o t h e r  t h a n  minor p a i n ,  and t h e  newspaper 
r e p o r t s  d i d  n o t  ment ion any neck f r a c t u r e s  i n  c h i l d r e n  due t o  
f r e e - f a l l s .  C h i l d r e n  a p p a r e n t l y  i n j u r e  t h e i r  heads  b u t  n o t  
t h e i r  necks  i n  t h i s  t y p e  of  a c c i d e n t .  Among t h e  i n v e s t i g a t e d  
c a s e s ,  v e r y  few i n t e r n a l  i n j u r i e s  o t h e r  t h a n  l u n g  and r i b  
i n j u r i e s  were seen  (one  r u p t u r e d  s p l e e n ,  one  k idney  c o n t u s i o n ,  
one c o m p l a i n t  o f  s e v e r e  abdominal  p a i n ) .  
P e l v i c  f r a c t u r e s  accoun ted  f o r  o n l y  10% o f  major  i n -  
j u r i e s ,  and t h e y  o c c u r r e d  a l m o s t  e x c l u s i v e l y  i n  a d u l t s .  The 
Table 9 
Age Group 








% of Cases 
Major I n j u r i e s  from Investigated Cases 
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2 Subjects, age 1-3, suffered no in jur ies ;  13 subjects suffered f a t a l  in jur ies .  
Many subjects suffered mu1 t i p l e  major in ju r ies ,  
s i n g l e  p e l v i c  f r a c t u r e  t o  a  c h i l d  o c c u r r e d  when a  1 2 %  y e a r  
f ema le  f e l l  n e a r l y  3 4  f e e t  and l anded  f e e t - f i r s t ,  f r a c t u r i n g  
b o t h  p u b i c  r ami .  Most p e l v i c  f r a c t u r e s  were caused  by t h e  
s u b j e c t  impac t ing  t h e  h i p  i n  a  s i d e - f i r s t  f a l l .  
P e r s o n s  who sudden ly  f i n d  themse lves  f a l l i n g  w i l l  o f t e n  
e x t e n d  t h e i r  arms. T h i s  a c t i o n  i s  t h o u g h t  t o  be  r e f l e x  
( C a r l s 6 0  and Johansson ,  1962) and it r e s u l t e d  i n  many f r a c t u r e s  
t o  t h e  upper  e x t r e m i t i e s .  A m a j o r i t y  o f  upper  e x t r e m i t y  
f r a c t u r e s  were t o  bones i n  one  w r i s t  o r  t o  t h e  r a d i u s  and 
u l n a  of  one arm. These f r a c t u r e s  were abou t  e v e n l y  d i v i d e d  
between c h i l d r e n  and a d u l t s ,  and most were t h e  r e s u l t  o f  
l a n d i n g  on t h e  s i d e  o r  i n  a  s i t t i n g - t y p e  p o s i t i o n .  A few 
b i l a t e r a l  lower arm o r  w r i s t  f r a c t u r e s  were s e e n  a s  t h e  
s u b j e c t  a t t e m p t e d  t o  b r e a k  a  h e a d - f i r s t  f a l l ,  and a  few 
o t h e r  f a l l s  produced f r a c t u r e s  of t h e  proximal  humerus o r  
c l a v i c l e .  
A m a j o r i t y  o f  lower e x t r e m i t y  f r a c t u r e s  o c c u r r e d  t o  
a d u l t s  and t e e n a g e r s ,  s i n c e  t h e y  t ended  t o  l a n d  on t h e i r  
f e e t  and s i d e s .  F i v e  o f  t h e  s i x  lower e x t r e m i t y  f r a c t u r e s  
n o t e d  i n  c h i l d r e n  were broken  femurs  r e s u l t i n g  from knee 
impac t s  w h i l e  f a l l i n g  s ideways .  There  were no femur f r a c t u r e s  
n o t e d  i n  t e e n a g e r s - - f r a c t u r e s  of  t h e  t i b i a a n d  f i b u l a  of  one l e g  
were most common. The 1 2  f r a c t u r e s  t o  a d u l t  lower e x t r e m i t i e s  
were e v e n l y  d i v i d e d  among b i l a t e r a l  lower l e g  and a n k l e  b r e a k s ,  
f r a c t u r e s  o f  one lower l e g  o r  a n k l e ,  and femur f r a c t u r e s .  Most 
of  t h e s e  i n j u r i e s  o c c u r r e d  a s  a  r e s u l t  o f  l a n d i n g  on t h e  f e e t  
o r  knees .  
3 .  P r e d i c t i o n  o f  I n j u r y  S e v e r i t y .  The v e l o c i t y  a t  
which a  f a l l i n g  body impac t s  a  s u r f a c e  i s  de te rmined  by 
t h e  h e i g h t  of  t h e  f a l l .  I t  i s  o f  i n t e r e s t  t o  know i f  impact  
v e l o c i t y  c a n  be used t o  p r e d i c t  i n j u r y  s e v e r i t y .  The d e s c r i p t o r  
o f  i n j u r y  s e v e r i t y  t h a t  was i n i t i a l l y  s e l e c t e d  was t h e  I n j u r y  
S e v e r i t y  S c o r e ,  o r  ISS. The ISS,  which was deve loped  by Baker ,  
e t  a l .  ( 1 9 7 4 b ) ,  i s  a  numer i ca l  s c o r e  which i s  d e r i v e d  from 
an i n d i v i d u a l ' s  t h r e e  most s e v e r e l y  i n j u r e d  body r e g i o n s .  
The ISS i s  a  good g e n e r a l  d e s c r i p t o r  of i n j u r y ,  and s e v e r a l  
s t u d i e s  have shown t h a t  t h e  t h e  I n j u r y  S e v e r i t y  S c o r e  i s  a  
good p r e d i c t o r  o f  t h r e a t  t o  l i f e  (Baker  and O ' N e i l l ,  1 9 7 6 ) .  
The ISS was t h e r e f o r e  c a l c u l a t e d  f o r  a l l  s u b j e c t s  i n  t h e  
i n v e s t i g a t e d  c a s e s  (See  Appendix A ) .  
F i g u r e  9  shows ISS a s  a  f u n c t i o n  of impac t  v e l o c i t y  f o r  
e a c h  s u b j e c t  i n  t h e  i n v e s t i g a t e d  c a s e s .  No o t h e r  f a c t o r s  
such  a s  a g e ,  impac t  s u r f a c e ,  o r  body o r i e n t a t i o n  were  t a k e n  
i n t o  a c c o u n t ,  s o  t h a t  t h e  g raph  would i i l u s t r a t e  t h e  s i m p l e s t  
p o s s i b l e  method of p r e d i c t i n g  i n j u r y  from f a l l  h e i g h t .  There  
i s  no  a p p a r e n t  c o r r e l a t i o n  between impac t  v e l o c i t y  and t h e  
ISS s c o r e .  Many h i g h - v e l o c i t y  i m p a c t s  r e s u l t e d  i n  low i n j u r y -  
s e v e r i t y  s c o r e s ,  and many l o w - v e l o c i t y  i m p a c t s  had h i g h  d e g r e e s  
o f  i n j u r y  s e v e r i t y .  
I t  was e v i d e n t  from t h e  d a t a  i n  F i g u r e  9  t h a t  a  more 
d e t a i l e d  a n a l y s i s  would be n e c e s s a r y  t o  i s o l a t e  p a r a m e t e r s  
t h a t  would c o r r e l a t e  well w i t h  i n j u r y  s e v e r i t y .  T h e r e f o r e ,  
t h e  d a t a  were  examined a g a i n ,  w i t h  a d d i t i o n a l  r e s t r i c t i o n s .  
I n  a d d i t i o n  t o  I S S ,  t h e  O v e r a l l  Abbrev i a t ed  I n j u r y  S c a l e  
(OAIS) was c o n s i d e r e d  a s  a  second i n d i c a t o r  o f  i n j u r y  s e v e r i t y .  
The OAIS i s  based  on t h e  A b b r e v i a t e d  I n j u r y  S c a l e  (AIS) which 
i s  i n  u s e  i n t e r n a t i o n a l l y  a s  a  method o f  q u a n t i f y i n g  i n j u r y  
s e v e r i t y  i n  a u t o  a c c i d e n t s  (AAAM, 1976)  . OAIS v a l u e s  i n d i c a t e  
i n j u r i e s  which i n c r e a s e  i n  o v e r a l l  s e v e r i t y  i n  i n c r e m e n t s  from 
z e r o  ( n o  i n j u r y )  t h r o u g h  6 (maximum i n j u r y ,  i n v a r i a b l y  r e s u l t -  
i n g  i n  d e a t h ) .  
Fo r  t h i s  a n a l y s i s ,  t h e  d a t a  were d i v i d e d  i n t o  s u b s e t s  
u s i n g  t h e  d e s c r i p t i o n s  of  f a l l  c i r c u m s t a n c e s  i n  Appendix A 
a s  a  b a s i s  f o r  c l a s s i f i c a t i o n .  Only t h ~ ; e  8 1  s u b j e c t s  who 
f e l l  o n t o  " r i g i d "  o r  " h a r d "  s u r f a c e s  were i n c l u d e d .  "R ig id"  

s u r f a c e s  were c o n c r e t e ,  a s p h a l t ,  r o o f s  and i c e ,  and "hard"  
s u r f a c e s  were wooden p la t fo rms  and hard-packed o r  f rozen  
s o i l .  A 2 x  2 m a t r i x  was used f o r  t h i s  analys is - - two age 
c l a s s i f i c a t i o n s  and two body o r i e n t a t i o n s .  The s u b j e c t s  
were c l a s s i f i e d  i n t o  two age groups ,  n i n e  y e a r s  and younger 
o r  t e n  y e a r s  and o l d e r .  Age n i n e  was chosen because of 
e s t i m a t e s  t h a t  s k u l l  s t r e n g t h  approaches adulthood s t r e n g t h  
a f t e r  age n i n e ( s e e  F i g u r e  B - 8 ) .  The two c l a s s e s  o f  body 
o r i e n t a t i o n s  a t  impact were h e a d - f i r s t  and o t h e r  than  head- 
f i r s t .  The body p o s i t i o n  a t  impact and t h e  body p a r t  i n  i n i t i a l  
c o n t a c t  w i t h  t h e  s u r f a c e  were used t o  c l a s s i f y  o r i e n t a t i o n s .  
I t  was a l s o  d e s i r a b l e  t o  examine t h e  u s e f u l n e s s  of 
s e v e r a l  p o t e n t i a l  i n d i c a t o r s  t h a t  could  be e a s i l y  c a l c u l a t e d  
o r  determined from f i e l d  i n v e s t i g a t i o n  d a t a .  Many dynamic 
response  parameters  a r e  commonly cons idered  a s  p o s s i b l e  
i n d i c a t o r s  of degree  o r  l i k e l i h o o d  of i n j u r y .  These inc lude  
maximum d e f l e c t i o n ,  maximum s t r a i n ,  peak a c c e l e r a t i o n ,  absorbed 
energy,  momentum change, and a  v a r i e t y  of a c c e l e r a t i o n - r e l a t e d  
parameters .  Of t h e s e ,  on ly  whole-body absorbed energy and 
momentum change ( i n  a d d i t i o n  t o  v e l o c i t y  change) a r e  e a s i l y  
e s t ima ted  f o r  f r e e - f a l l  c a s e s  i n v e s t i g a t e d  i n  t h e  f i e l d .  Both 
may be determined f o r  f a l l s  on to  a  r i g i d  s u r f a c e  provided on ly  
t h a t  t o t a l  body mass i s  known i n  a d d i t i o n  t o  t h e  impact ve loc-  
i t y .  Body mass was known from t h e  i n v e s t i g a t i o n s ,  o r ,  i f  n o t  
known, could  be  reasonably  es t ima ted  from publ ished anthropo- 
m e t r i c  d a t a .  There fo re ,  i t  was decided t o  examine, f o r  each 
element of t h e  2 x  2 m a t r i x ,  p o s s i b l e  c o r r e l a t i o n s  between 
t h r e e  independent  v a r i a b l e s  ( impact )  and two dependent v a r i -  
a b l e s  ( O A I S  and I S S ) .  The 2 4  graphs  r e s u l t i n g  from t h i s  
a n a l y s i s  method a r e  shown i n  F i g u r e s  1 0 ,  11, and 1 2 ,  f o r  impact 
v e l o c i t y ,  momentum, and k i n e t i c  energy,  r e s p e c t i v e l y .  
I f  t h e  p o t e n t i a l  i n d i c a t o r s  s e l e c t e d  were good i n d i c a t o r s ,  
one would expect  t o  s e e  a  p o s i t i v e  r e l a t i o n s h i p  between t h e  
independent  and dependent v a r i a b l e s - - f o r  example, an i n c r e a s e  
i n  impact  v e l o c i t y  r e s u l t i n g  i n  an i n c r e a s e d  i n d i c a t i o n  of  
i n j u r y .  There  i s  no  such i n d i c a t i o n  i n  t h e  m a j o r i t y  of  t h e  
p l o t s .  
For  OAIS v s  v e l o c i t y  ( F i g u r e  1 0 a )  t h e r e  i s  a  good co r -  
r e l a t i o n  f o r  head impac t s  age  10 and o l d e r  and a  weak c o r -  
r e l a t i o n  f o r  impac ts  o t h e r  t h a n  t o  t h e  head ,  age  1 0  and o l d e r .  
I n  F i g u r e  l o b ,  f o r  ISS v s  v e l o c i t y ,  a  r e l a t i o n s h i p  i s  a g a i n  
s e e n  f o r  head i m p a c t s ,  a g e  1 0  and o l d e r .  No o t h e r  c o r r e l a t i o n s  
a r e  e v i d e n t  f o r  impac t  v e l o c i t y  a s  an i n d i c a t o r  o f  i n j u r y .  
The f a c t o r  of  body mass appeared  t o  b e  less s i g n i f i c a n t  
t h a n  v e l o c i t y .  F i g u r e  11 shows OAIS and ISS v s  momentum 
change (momentum = mass x v e l o c i t y ) .  The o n l y  s u g g e s t i o n  
of a  p o s i t i v e  r e l a t i o n s h i p  between t h e  v a r i a b l e s  i s  f o r  head- 
f i r s t  i m p a c t s ,  a g e  10 and o l d e r .  No o t h e r  c o r r e l a t i o n s  a r e  
s een .  
A body s t r i k i n g  a  r i g i d  s u r f a c e  must abso rb  v i r t u a l l y  
a l l  of t h e  ene rgy  d i s s i p a t e d  w h i l e  t h e  body comes t o  r e s t .  
T h i s  whole-body abso rbed  ene rgy  i s  r e p r e s e n t e d  by k i n e t i c  
2  ene rgy  ( 1 / 2  mass x v e l  ) i n  F i g u r e  12 .  Two of  t h e  OAIS v s  
ene rgy  p l o t s  ( F i g u r e  12a)  were t h o u g h t  t o  show c o r r e l a t i o n - -  
s t r o n g  f o r  impac t s  o t h e r  t h a n  t o  t h e  head ,  a g e  10 and o l d e r ,  
and weak f o r  head i m p a c t s ,  a g e  10 and o l d e r .  Three  ISS v s  
energy  p l o t s  ( F i g u r e  12b)  show c o r r e l a t i o n - - s t r o n g  f o r  head- 
f i r s t  impac t s  age  10 and  o l d e r ,  weak f o r  impac t s  o t h e r  t h a n  
h e a d - f i r s t ,  age  10 and o l d e r ,  and weak f o r  h e a d - f i r s t  impac t s  
age  n i n e  and younger .  
Al though i t  was d i f f i c u l t  t o  g e n e r a l i z e  abou t  p o s s i b l e  
i n j u r y  p r e d i c t i o n  from t h e s e  e a s i l y - d e t e r m i n e d  whole-body 
dynamic r e s p o n s e  c h a r a c t e r i s t i c s ,  s e v e r a l  o b s e r v a t i o n s  can  
b e  made: 
1) There  were l a r g e  amounts of  s c a t t e r  i n  a l l  of  t h e  
p l o t s .  T h i s  s u g g e s t s  t h a t  t h e r e  a r e  wide b i o l o g i c a l  v a r i -  
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and c o n s e q u e n t l y ,  i n  s i m i l a r  f a l l s ,  t h e  i n j u r i e s  s u s t a i n e d  
may b e  v e r y  d i f f e r e n t .  
2 )  Impacts  w i t h  h a r d  s u r f a c e s  a s  d e f i n e d  above 
produce i n j u r y  r e s u l t s  less s e v e r e  t h a n  impac t s  w i t h  r i g i d  
s u r f a c e s .  I n  most c a s e s ,  h a r d - s u r f a c e  impac t s  r e s u l t e d  i n  
OAIS o f  t h r e e  o r  less and ISS o f  20 o r  less r e g a r d l e s s  o f  
impact  v e l o c i t y  o r  ene rgy .  T h i s  a n a l y s i s  s u g g e s t s  t h a t  hard-  
s u r f a c e  impac t s  shou ld  n o t  b e  grouped t o g e t h e r  w i t h  r i g i d -  
s u r f a c e  impac t s  f o r  s i m p l i f i e d  a n a l y s e s ,  s i n c e  t h e  ha rd  s u r f a c e  
a p p a r e n t l y  a b s o r b s  some o f  t h e  impact  energy .  
3)  P o s i t i v e  r e l a t i o n s h i p s  between OAIS o r  ISS and t h e  
p h y s i c a l  q u a n t i t y  were observed  f o r  o n l y  t h o s e  q u a n t i t i e s  
i n  which v e l o c i t y  was t h e  dominant f a c t o r .  Body mass appar -  
e n t l y  h a s  less o f  a  d e t e r m i n i n g  i n f l u e n c e  on i n j u r y  i n  a  f a l l  
t h a n  d o e s  impact  v e l o c i t y .  
4 )  I n  o n l y  n i n e  o f  t h e  24 g raphs  p l o t t e d  do t h e r e  a p p e a r  
t o  b e  any r e l a t i o n s h i p s  between t h e  l e v e l  o f  i n j u r y  and t h e  
magnitude o f  t h e  p h y s i c a l  pa rame te r  p l o t t e d .  Of t h e s e ,  f i v e  
were f o r  h e a d - f i r s t  impac t s ,  age  10 and above,  t h r e e  were 
f o r  impacts  o t h e r  t h a n  h e a d - f i r s t ,  age  10 and above,  and one 
was f o r  h e a d - f i r s t  impac t s ,  age  n i n e  and younger.  Only one  
of  t h e  obse rved  r e l a t i o n s h i p s  i nvo lved  c h i l d r e n  age  n i n e  o r  
younger.  For  a  v a r i e t y  of  r e a s o n s ,  some o f  which a r e  p robab ly  
r e l a t e d  t o  growth and development ,  t h e s e  s i m p l i f i e d  p r e d i c t i o n  
methods a p p a r e n t l y  a r e  n o t  adequa te  f o r  p r e d i c t i n g  i n j u r y  t o  
younger c h i l d r e n .  
5)  S i x  of  t h e  n i n e  observed  r e l a t i o n s h i p s  were f o r  head- 
f i r s t  impac ts .  T h i s  r e s u l t  i s  n o t  s u r p r i s i n g ,  s i n c e  i n  head- 
f i r s t  impac t s  t h e  most s e v e r e  i n j u r i e s  a r e  u s u a l l y  t o  t h e  
head and p r e d i c t i o n  o f  i n j u r y  s e v e r i t y  should  be  somewhat 
e a s i e r .  When some o t h e r  p a r t  of  t h e  body b e a r s  t h e  pr imary  
impact ,  i n j u r y  mechanisms become more compl i ca t ed  and s o  
i n j u r y  s e v e r i t i e s  a r e  less e a s y  t o  p r e d i c t .  The observed 
r e l a t i o n s h i p s  a r e  g e n e r a l l y  weaker f o r  non-head- f i r s t  impacts  
t h a n  f o r  h e a d - f i r s t  impacts .  ISS and OAIS were found t o  be 
roughly  e q u a l  i n d i c a t o r s  f o r  b o t h  h e a d - f i r s t  and non-head- 
f i r s t  impacts .  
6 )  F i g u r e s  12a and 12b show t h a t ,  i n  t h i s  sample of 
h e a d - f i r s t  f a l l s  o n t o  r i g i d  s u r f a c e s  by e leven  pe r sons  age 
10-59, most p e o p l e  s u s t a i n e d  an OAIS 5  o r  g r e a t e r  i n j u r y  
when t h e  absorbed energy was 1500 f t - l b s  o r  g r e a t e r .  The 
two s u b j e c t s  who s u s t a i n e d  energy l e v e l s  h i g h e r  t h a n  2500 
f t - l b s  were f a t a l l y  i n j u r e d .  There a r e  on ly  two i n s t a n c e s  
where l e s s  energy was absorbed and t h e s e  i n d i v i d u a l s  s u s t a i n e d  
l e s s  s e v e r e  i n j u r i e s .  Because t h e r e  were o n l y  two c a s e s  i n  
t h i s  lower r a n g e ,  it i s  n o t  p o s s i b l e  t o  p r e d i c t  how f r e q u e n t l y  
t h e  more s e v e r e  i n j u r i e s  might occur  below 1500 f t - l b s  o f  
absorbed energy.  I t  shou ld  be  no ted  t h a t  1000 f t - l b s  of 
energy i s  exceeded by a d u l t s  i n  a l l  b u t  t h e  l o w e s t - v e l o c i t y  
f a l l s .  For example, an average-s ized  a d u l t  male ( 1 6 0  l b s )  
who f a l l s  s i x  f e e t  o n t o  a  r i g i d  s u r f a c e  w i l l  absorb  1000 
f t - l b s  of  energy.  
From t h e  f o r e g o i n g  d i s c u s s i o n  it i s  e v i d e n t  t h a t  
r e l a t i v e l y  s i m p l e  methods of p r e d i c t i n g  i n j u r y  a r e  u s u a l l y  
n o t  adequate .  However, one a d d i t i o n a l  t echn ique  was used 
t o  a t t e m p t  p r e d i c t i o n  of  i n j u r y  t o  t h e  head. For t h i s  
approach,  o n l y  h e a d - f i r s t  impacts  o n t o  r i g i d  s u r f a c e s  
were inc luded .  I n j u r y  s e v e r i t y  was d e s c r i b e d  on ly  by t h e  
maximum A I S  v a l u e  ass igned  t o  t h e  head i n j u r y .  The poten-  
t i a l  i n d i c a t o r  used was t h e  k i n e t i c  energy o f  t h e  head 
" e f f e c t i v e  mass." Use of  t h e  " e f f e c t i v e  mass" method 
al lowed a  p r o p o r t i o n  of whole-body k i n e t i c  energy t o  be 
a t t r i b u t e d  t o  t h e  head. T h i s  energy cou ld  t h e n  be  compared 
t o  head i n j u r y  a s  i n d i c a t e d  by head A I S .  Head e f f e c t i v e  
mass i s  n o t  merely a  r a t i o  of head mass t o  t o t a l  body mass, 
and t h e  method used t o  c a l c u l a t e  it i s  d e s c r i b e d  i n  
Appendix D. The results of the analysis are shown in 
Figure 13, with different age groups designated. Again, 
no overall positive relationship is observed. Also there 
is no relationship that appears to be age-related. 
Perhaps the inclusion of additional factors, such as 
age-related material properties of the impacting mass, 
would point to a consistent relationship. However, the 
calculations become increasingly complicated with each 
additional factor, and the purpose of developing a sim- 
plified predictor of injury is defeated. The problem of 
injury prediction is apparently more complicated than can 
be successfully investigated using measures for impact 
severity that are easily defined in terms of impact velocity. 
Head injury prediction based on mathematical simulation was 
also attempted and is described in Section D.2.b. of this 
chapter. 
D. Detailed Iniurv Results and Analvsis 
1. Introduction. The case investigations and the 
simulations produced detailed data about the effects of 
free-fall impacts on injury to specific parts of the body-- 
especially the head and lower extremities. These detailed 
results will be presented in this section, together with an 
analysis that leads to conclusions about impact tolerance 
levels of children, for both reversible injury and survival. 
Part 1 of this section contains additional details about the 
simulations and description of the twelve cases selected for 
simulation. Part 2 is devoted to head injuries and includes 
results and analysis from the case investigations and the 
simulations. Part 3 contains similar results for other 
portions of the body such as the legs, spine, and chest. 
In addition to those already mentioned, several more 
comments concerning the simulations should be noted. While 
it is recognized that aerodynamic drag affects the velocity 
of a falling body, it was also felt that drag would be both 

minimal and v e r y  d i f f i c u l t  t o  c a l c u l a t e  f o r  t h e  s u b j e c t s  
b e i n g  s imula ted .  T h e r e f o r e ,  no adjus tment  was made i n  t h e  
c a l c u l a t i o n  of impact  v e l o c i t y  t o  account  f o r  aerodynamic 
d rag .  The f a l l  d i s t a n c e  used i n  de te rmin ing  impact v e l o c i t y  
was, however, ve ry  c a r e f u l l y  c a l c u l a t e d .  I t  was d e f i n e d  f o r  
t h e  s i m u l a t i o n s  a s  b e i n g  t h e  d i s t a n c e  from t h e  c e n t e r  of  
g r a v i t y  of t h e  s u b j e c t  a t  t h e  s t a r t  of  t h e  f a l l  t o  t h e  c e n t e r  
o f  g r a v i t y  a t  t h e  moment of impact  ( i n c l u d i n g  al lowance f o r  
t h e  a n g u l a r  p o s i t i o n  of t h e  body a t  i m p a c t ) .  Although t h e  
s u b j e c t s  were c l o t h e d  when t h e y  f e l l ,  c l o t h i n g  weight  was 
n o t  inc luded  i n  t h e  s i m u l a t i o n s  ( e x c e p t  f o r  t h e  f e e t - f i r s t  
f a l l  of a  heav i ly -c lo thed  t e e n a g e r ) .  
Most of  t h e  emphasis was p laced  on s i m u l a t i n g  f a l l s  
o n t o  r i g i d  s u r f a c e s ,  b u t  f a l l s  o n t o  s o i l  were a l s o  of  
i n t e r e s t  because  i n j u r i e s  were g e n e r a l l y  l e s s  s e v e r e  i n  t h e s e  
c a s e s .  T h e r e f o r e ,  t h e  h e a d - f i r s t  f a l l s  of  f o u r  s u b j e c t s  
were s imula ted  a s  i f  t h e y  had landed on l o o s e  sand and on lawn 
s o i l  i n s t e a d  of on a  r i g i d  s u r f a c e .  The f o r c e - d e f l e c t i o n  
p r o p e r t i e s  of  sand were o b t a i n e d  from NASA d a t a  ( s e e  Appendix 
B )  and t h e  lawn s o i l  d a t a  from o n - s i t e  penet rometer  r e a d i n g s .  
I n  t h e  s i m u l a t i o n s  f o r  f a l l s  o n t o  non- r ig id  s u r f a c e s ,  dynamic 
response  r e s u l t s  a r e  meaningful  o n l y  f o r  t h e  t ime  t h a t  t h e  
head i s  t h e  on ly  body p a r t  i n  c o n t a c t  w i t h  t h e  ground s i n c e  
t h e  imput d a t a  were n o t  modif ied t o  s i m u l a t e  s o i l  impact 
by o t h e r  body p a r t s .  
Twelve of  t h e  1 1 0  c a s e s  were s e l e c t e d  f o r  s i m u l a t i o n .  
These i n c l u d e d  seven h e a d - f i r s t  f a l l s  of s u b j e c t s  r ang ing  i n  
age from 1 3  months t o  2 1  y e a r s ,  i n  body p o s i t i o n  from n e a r l y  
prone  through v e r t i c a l  t o  a lmost  s u p i n e ,  and i n  cen te r -o f -  
g r a v i t y  t o  c e n t e r - o f - g r a v i t y  f a l l  h e i g h t s  from 1 0  f t  8 i n  
(3 .3  m )  through 33 f t  1 i n  ( 1 0 . 1  m )  . Three f e e t - f i r s t  f a l l s  
were s imula ted  f o r  t h r e e  t eenage  s u b j e c t s  who f e l l  from 12 f t  
9  i n  (3 .9  m )  t o  6 9  f t  7 i n  (21.2 m ) .  F i n a l l y ,  two s i d e - f i r s t  
f a l l s  were s i m u l a t e d ,  b u t  i n  a  s i m p l i f i e d ,  somewhat s t y l i z e d  
manner r e p r e s e n t i n g  a  c h i l d  and an a d u l t  f a l l i n g  9% f t  
and 19% f t  (2 .9  and 5 .9  m ) .  
The p r i n c i p a l  c h a r a c t e r i s t i c s  of  t h e  twe lve  s u b j e c t s  
whose f a l l s  were s i m u l a t e d  a r e  shown i n  T a b l e  10 .  More 
d e t a i l s  abou t  e a c h  o f  t h e  f a l l s  a r e  i n c l u d e d  i n  Appendix A.  
2. Head Impact R e s u l t s  and A n a l y s i s  
a .  I n v e s t i g a t e d  Cases .  F o r t y  of  t h e  110 i n v e s t i -  
g a t e d  c a s e s  were of  h e a d - f i r s t  impac t s  o n t o  v a r i o u s  s u r f a c e s .  
The r e s u l t s  p r e s e n t e d  i n  t h i s  s e c t i o n  a r e  ana lyzed  f o r  t h e  
e f f e c t s  o f  a g e ,  impac t  s u r f a c e ,  and f a l l  h e i g h t  on t h e  i n j u r i e s  
r e c e i v e d  i n  h e a d - f i r s t  f a l l s .  
Aqe E f f e c t s  Among C h i l d r e n .  Data f o r  t h e  
a n a l y s i s  o f  age  e f f e c t s  a r e  c o n t a i n e d  i n  T a b l e  11. Only c h i l d -  
r e n  ( e x c e p t  f o r  one  young a d u l t )  a r e  i n c l u d e d  i n  t h i s  T a b l e ,  
s i n c e  t h e r e  were no i n v e s t i g a t e d  f a l l s  o f  o l d e r  a d u l t s  which 
had s u f f i c i e n t l y  s i m i l a r  f a l l  d i s t a n c e s  and c h a r a c t e r i s t i c s  
of  impac t .  For  t h i s  a n a l y s i s ,  f a l l  h e i g h t  and impact  s u r f a c e  
were f i x e d  and t h e  i n j u r i e s  t o  s u b j e c t s  of  v a r i o u s  a g e s  were 
examined. The pu rpose  of  t h e  a n a l y s i s  was t o  d e t e r m i n e  i f  a  
r e l a t i o n s h i p  e x i s t e d  between a g e s  and i n j u r i e s  under  o t h e r w i s e  
s i m i l a r  f a l l  c o n d i t i o n s .  
Every s u b j e c t  who impacted - h e a d - f i r s t  o n t o  a  r i g i d  s u r f a c e ,  
s u s t a i n e d  s k u l l  f r a c t u r e  o r  concuss ion  o r  bo th .  T a b l e  11 shows 
t h a t  seven  o f  1 0  f a l l s  a t  11 f e e t  r e s u l t e d  i n  s k u l l  f r a c t u r e ,  
t h e  r ema in ing  t h r e e  i n v o l v e d  concuss ion .  The seven  f a l l s  
a v e r a g i n g  17 .5  f e e t  a l l  r e s u l t e d  i n  s k u l l  f r a c t u r e .  [There  were 
s e v e r a l  c h i l d r e n  who f e l l  h e a d - f i r s t  from abou t  7 f t  ( 2 . 1  m ) .  
The l e a s t  s e r i o u s  i n j u r y  was concuss ion  a f t e r  a  f a l l  of 6 f e e t  
( 1 . 8  m ) ,  and t h e  most s e r i o u s  a  b a s i l a r  s k u l l  f r a c t u r e  and 
f a t a l i t y  a f t e r  f a l l i n g  8 f e e t  (2 .4  m ) . ]  Even though t h e  major  
i n j u r i e s  i n  each  c a s e  were s i m i l a r - - s k u l l  f r a c t u r e  and con- 
cus s ion - - the  e f f e c t s  of  t h e  i n j u r i e s  d i d  seem t o  i n c r e a s e  some- 
what w i t h  age .  The younges t  c h i l d r e n  tended  t o  r e c o v e r  r a p i d l y  

Table 11 
Injuries as a Function of Age--Head-First-Impacts 
Primary 
Case Fall Impact Body Head 
No. & Height Surface Contact AIS Primary o r  Major In jur ies  
A .  Fal l s  averaging 11 f e e t  ( 3 .3  m), onto head 
9 2 10 '6"  co head 3 2 skull f x s ,  concus, subgal hematoma 
57 2 12' co head 3 3 s k u l l  f x s ,  f a c i a l  l ac  
16 3 12 '  co head 2 Skull f x ,  subgal hematoma 
21 3 11'  s l a t e  head 2 2 sku1 1 f x s ,  concus, head contus 
101 4 11'12" co head 4 "cranio cerebral"  i n ju r i e s - f a t a l  a f t e r  
2 days 
87 6 10 '2" c o head 5 concus, severe brain contus, hemi- 
pares i s  (no f x )  
23 8 10 '4"  co head 3 Sku1 1 fx ,  concus, head l ac  
92 11 12 '4" c o head 4 Concus, in t racerebra l  hematoma, g a i t  
problems 
59 21 11'  co head 4 Skull f x ,  concus, aphasia & hemiparesis 
B .  Fa l l s  averaging 17'6" (5 .3  m), onto head 
29 1 18 '2"  as  head 2 Skull fx  
110 3 17 '2"  c o head 5 Skull f x ,  coma, f a t a l  a f t e r  6% hrs .  
80 4 17 '6"  c o head 3 Skull fx ,  s l i q h t  brain contus 
78 5 17 '6"  c o head 2 Skull fx  
96 5 17 '7"  as  head 4 Skull fx ,  cerebral contus 
56 10 18 ' 1 "  co head 2 Skull f x ,  f x  arm 
42 11 17'6" c o head 5 Skull f x ,  concus, coma 5 days, fx forearm 
Notes: 
1 .  Abbreviations: For Impact Surface: co=concrete; as=aspha l t ;  fs=frozen s o i l ;  
hs=hard-packed bare so i l  ; 1 s=lawn so i l  ; i ce=th ick ,  r i g id  i c e .  
For In ju r i e s :  f x= f r ac tu re ;  concus=concussion; contus=contusion; 
subgal=subgaleal;  l a c= lace ra t i ons ;  p-thorax=pneumothorax; 
compr=compression; bi 1 a t = b i l a t e r a l  
2. Fall height differences within categories  represent  l e s s  than 1 . 3  mph ( 2  k p h )  
d i f fe rence  in impact veloci ty .  
from t h e i r  i n j u r i e s  and were outwardly normal j u s t  a  few 
weeks a f t e r  t h e  f a l l .  However, it should be noted t h a t  
such head i n j u r i e s  can have long-term e f f e c t s  t h a t  a r e  n o t  
immediately apparen t .  The 11-year-olds and t h e  21-year-old 
each had nervous system damage t h a t  r e q u i r e d  long convales-  
cence ,  a l though  each s u b j e c t  responded favorab ly  t o  therapy.  
I n j u r y  s e v e r i t y ,  a s  d e s c r i b e d  by t h e  AIS s c o r e ,  does  n o t  
show c o r r e l a t i o n  t o  age. A comparison of head AIS v a l u e s  
f o r  t h e  17 c a s e s  showed on ly  a  s l i g h t  t r e n d  t o  i n c r e a s i n g  
s e v e r i t y  of i n j u r y  w i t h  i n c r e a s i n g  age of c h i l d r e n  f o r  t h e  
11-foot  f a l l s ,  and no p a t t e r n  a t  a l l  f o r  t h e  17-foot  f a l l s .  
For t h e s e  h e a d - f i r s t  f a l l s ,  it was n o t  p o s s i b l e  t o  p r e d i c t  
t h e  s e r i o u s n e s s  of i n j u r y  merely by s p e c i f y i n g  t h e  f a l l  d i s t a n c e  
and t h e  v i c t i m ' s  age .  
Impact S u r f a c e  E f f e c t s .  When t h e  head r e c e i v e s  
t h e  primary impact i n  a f a l l ,  a  s k u l l  f r a c t u r e  i s  l i k e l y  t o  
r e s u l t  u n l e s s  t h e  impact v e l o c i t y  i s  r e l a t i v e l y  low o r  t h e  
impact s u r f a c e  i s  ve ry  s o f t .  Table  1 2 ,  P a r t s  A and B ,  show 
t h a t  f a l l s  of 12 .5  f e e t  o n t o  grass-covered s o i l  and of 16 
f e e t  on to  g r a v e l  produced no i n j u r i e s  and minor f a c i a l  
i n j u r i e s ,  r e s p e c t i v e l y ,  f o r  a  p a i r  of 3-year-olds,  By con- 
t r a s t ,  a  f a l l  of  1 2  f e e t  o n t o  hard-packed b a r e  s o i l  r e s u l t e d  
i n  a  s k u l l  f r a c t u r e  t y p i c a l  of  r i g i d - s u r f a c e  impacts ,  and 
f a l l s  o n t o  c o n c r e t e  from t h e  same h e i g h t  produced even g r e a t e r  
i n j u r y .  The g r e a t e r  t h e  impact v e l o c i t y ,  t h e  s o f t e r  t h e  
impacted s u r f a c e  must be f o r  energy l e v e l s  t o  remain below 
t h e  s k u l l - f r a c t u r e  t h r e s h o l d :  a  3-year-old who f e l l  16 f e e t  
o n t o  g r a v e l  ( h e a d - f i r s t )  had no f r a c t u r e  (Tab le  1 2 ,  P a r t  B), b u t  
ano the r  3-year-old who f e l l  25 f e e t  s u s t a i n e d  both  s k u l l  
f r a c t u r e  and concuss ion  ( P a r t  D ) .  I n  two 20-foot f a l l s ,  
a  h e a d - f i r s t  impact o n t o  an automobi le  hood d i d  n o t  cause  
s i g n i f i c a n t  i n j u r y ,  b u t  a  s i m i l a r  impact o n t o  a  wooden-plank 
porch f r a c t u r e d  a  c h i l d ' s  s k u l l .  P a r t  D of Table 12 shows t h a t  
t h e  r i g i d i t y  of  t h e  impacted s u r f a c e  can be  an impor tan t  
f a c t o r  i n  i n j u r y  s e v e r i t y .  The two c h i l d r e n ,  both  age 3 and 
Table 12 
Injuries as a Function of 
Impact Surface--Head-First Impacts 
Case Impac t  Fa1 1  P r i m a r y  
No. S u r f a c e  & H e i g h t  Body C o n t a c t  - -- P r i m a r y  o r  M a j o r  I n j u r i e s  
A. F a l l s  o f  a p p r o x i m a t e l y  1 2 '  ( 3 . 7  m), young c h i l d r e n ,  o n t o  head 
8  5  1  s  3 1 2 '  7" head/back None 
7  9 h  s  1  1 2 ' 3 "  head Sku1 1  f x ,  concus 
5 7  c o  2  1 2 '  head 3 s k u l l  f x s ,  f a c i a l  l a c  
16 c o  3  1 2 '  head S k u l l  f x ,  subga l  hematoma 
B.  F a l l s  o f  a p n r q x i m a t e l y  1 6 '  ( 4 . 9  m) ,  c h i l d r e n ,  o n t o  head 
8 3  g r a v e l  3  1 6 ' 3 "  head F a c i a l  b r u i s e s  and l a c ,  no f x  
107 c o  5 1 6 ' 2 "  head Fx sku1 1  , coma 2% weeks, h e m i p a r e s i  s  
105 c o 3  1 4 ' 2 "  head 2  s k u l l  f x s ,  c e r e b r a l  concus and c o n t u s  
C .  F a l l s  o f  a p p r o x i m a t e l y  2 0 '  ( 6 . 1  m), c h i l d r e n ,  o n t o  head 
25 a u t o  hood 3  2 0 ' 8 "  head M i n o r  head i n j u r y ,  c o n t u s  f o r e h e a d  
68 wood p o r c h  2  21 ' head S k u l l  f x ,  concus 
110 co  3  1 7 ' 2 "  head Fx sku1 1, coma, f a t a l  a f t e r  6% h r s  
3 1  co  5 21 ' head Fx s k u l l ,  c o n t u s  eye 
D .  F a l l s  o f  a p p r o x i m a t e l y  2 5 '  ( 7 . 6  m),  c h i l d r e n ,  o n t o  head 
81 g r a v e l  3  2 5 ' 4 "  head Fx sku1 1 ,  concus, f x  l e g  
109 c o  3  2 5 ' 7 "  head Fx sku1 1  , i n t r a c e r e b r a l  hemorrhage, f a t a l  
a f t e r  3% h o u r s  
N o t e s :  1 .  A b b r e v i a t i o n s  same as T a b l e  11 
2. F a l l  h e i g h t  r a n g e  r e p r e s e n t s  i m p a c t  v e l o c i t y  r a n g e  o f  2 
1 . 3  mph (t 2  k p h ) ;  age h e l d  c o n s t a n t  + one y e a r .  - 
o f  s i m i l a r  w e i g h t ,  f e l l  i d e n t i c a l  d i s t a n c e s  o f  25 f e e t  
( 7 . 6  m) and landed  w i t h  s i m i l a r  body o r i e n t a t i o n s .  The 
boy who landed  on a  g r a v e l  dr iveway s u f f e r e d  a  f r a c t u r e d  
s k u l l  and concuss ion  and was h o s p i t a l i z e d  f o r  s i x  weeks,  
b u t  r ecove red .  The boy who l anded  on a  c o n c r e t e  dr iveway 
s u f f e r e d  a  d i s p l a c e d  f r a c t u r e  of  t h e  s k u l l  and i n t r a -  
c e r e b r a l  hemorrhage and e x p i r e d  3% h o u r s  l a t e r  w i t h o u t  
r e g a i n i n g  c o n s c i o u s n e s s .  
F a l l  He igh t  E f f e c t s .  Th i r t y -one  h e a d - f i r s t  
f a l l s  o n t o  r i g i d  s u r f a c e s  a r e  shown i n  Tab le  13 .  Each one  i s  
above t h e  t h r e s h o l d  o f  s i g n i f i c a n t  i n j u r y ,  s i n c e  a l l  s u b j e c t s  
s u f f e r e d  s k u l l  f r a c t u r e  o r  concuss ion .  No f a t a l i t i e s  o c c u r r e d  
i n  a  sample  of  s i x  c h i l d r e n  a g e s  one  and two i n  f a l l s  from 10 .5  
t o  32.5 f e e t  (3.2 - 9 . 9  m ) ,  b u t  s e r i o u s  i n j u r i e s  were i n c u r r e d  
i n  a  f a l l  from a  lower  h e i g h t  ( 3  f t  3 i n ) ,  i n  c a s e  62. Other -  
wise, t h e  most s e r i o u s  i n j u r i e s  o c c u r r e d  i n  t h e  l o n g e s t  f a l l s .  
The r e s p o n s e  d i f f e r e n c e  between- one- and two-year-olds  i s  
i n t e r e s t i n g  - t h e  i n j u r i e s  r e c e i v e d  by t h e  one-year-old  i n  
f a l l i n g  18 f e e t  ( 5 . 5  m)  were s u b s t a n t i a l l y  less t h a n  t h e  t y p i c a l  
i n j u r i e s  o f  two-year-olds  who f e l l  from 10 .5  t o  1 5  f e e t .  
I n  t h e  e i g h t  f a l l s  o f  3- and 4 -yea r -o ld s ,  f rom 11 t o  
37.5 f e e t  (3 .4  - 1 1 . 4  m ) ,  s e v e r i t y  o f  i n j u r y  i n c r e a s e d  some- 
what a t  h i g h e r  f a l l  d i s t a n c e s .  Al though a l l  s u f f e r e d  s k u l l  
f r a c t u r e s ,  t h e  i n c i d e n c e s  o f  c e r e b r a l c o n t u s i o n  and hemorrhage 
and coma were found f o r  t h e  g r e a t e r  f a l l  d i s t a n c e s .  There  
were t h r e e  f a t a l i t i e s  i n  t h i s  g roup ,  o c c u r r i n g  two days  a f t e r  
f a l l i n g  11 f e e t ,  6.5 h o u r s  a f t e r  a  17 - foo t  f a l l ,  and 3 .5  hou r s  
a f t e r  a  25- foo t  f a l l .  P r e c i s e  body p o s i t i o n  a t  impac t  may 
have made t h e  d i f f e r e n c e  between s u r v i v a l  and non - su rv iva l  f o r  
t h i s  g roup  o f  c h i l d r e n .  
Fo r  t h e  f i v e -  and s ix -yea r -o ld  c h i l d r e n ,  t h e  t r e n d  was 
e s s e n t i a l l y  t h e  r e v e r s e  of  what might  have been expected--  
i n j u r i e s  appeared  t o  d e c r e a s e  a s  f a l l  h e i g h t  i n c r e a s e d .  The 
two f a t a l i t i e s  o c c u r r e d  a t  t h e  l o w e s t  f a l l  d i s t a n c e s .  Mixed 
r e s u l t s  a l s o  a r e  s e e n  among t h e  s i x  o l d e r  c h i l d r e n  i n  T a b l e  1 3 ,  
Table 13 
Injuries as a Function of 
Fall Height--Head-First Impacts 
Case F a l l  Impac t  P r i m a r y  
No. H e i a h t  & Sur face  Body Con tac t  --
A. F a l l s  o f  1 -  and 2-year  o l d s ,  o n t o  head 
9  1 0 ' 6 "  2  co head 
57 1 2 '  2  co head 
62 1 3 ' 3 "  2  co  head 
106 1 4 ' 9 "  2  co  head 
29 1 8 ' 2 "  1  as head 
61 32 '4 "  1  c o  head 
B. F a l l s  o f  3- and 4-year  o l d s ,  o n t o  head 
21 11 '  3  s l a t e  









C .  m l s  o f  5- and 6 -yea r  o l d s ,  o n t o  head 
71 8 ' 4 "  5  co head 
70 1 0 '  6 co head 
87 1 0 ' 2 "  6  co head 
117 1 6 ' 2 "  5  co head 
78 1 7 ' 6 "  5  co head 
96 1 7 ' 7 "  5  as head 
31 21 ' 5 co head 
D. F a l l s  o f  o l d e r  c h i l d r e n ,  o n t o  head 
40 6 ' 1 "  8 co head 
64 7 ' 1 0 "  7 co head 
23 1 0 ' 4 "  8  co head 
92 1 2 ' 4 "  11 c o  head 
44 13 '9 "  8  co head 
42 1 7 ' 6 "  11 c o  head 
E .  F a l l s  o f  a d u l t s ,  o n t o  head 
100 5 ' 9 "  40 co head 
59 1 1 '  21 c o  head 
48 1 5 ' 1 "  33 co head 
P r i m a r y  o r  Ma jo r  I n j u r i e s  
2  s k u l  1  f x s ,  concus, subgal  hematoma 
3 s k u l l  f x s ,  head hematomas 
2  s k u l  1  f x s ,  severe  concus, d u r a l  t e a r ,  
subpa l  hematoma 
S k u l l  f x ,  concus, f x  c l a v i c l e  
S k u l l  f x  
M u l t i n l e  s k u l l  f x ,  f x  femur,  r u n t u r e d  
s o l  een 
2  s k u l l  f x ,  concus, head con tus  
" C r a n i o c e r e b r a l "  i n j u r i e s ,  f a t a l  a f t e r  
two days 
S k u l l  f x ,  subga l  hematoma 
2  s k u l l  f x ,  c e r e b r a l  concus and con tus  
S k u l l  f x ,  coma, f a t a l  a f t e r  6% h r s .  
S k u l l  f x ,  s l i g h t  b r a i n  con tus  
Sku l  1  f x ,  i n t r a c e r e b r a l  h e ~ o r r h a g e ,  
f a t a l  a f t e r  34 h r s .  
S k u l l  f x ,  coma o r  semi -consc ious 3 
days, comD f x s  T-3,4,5, p o s s i b l e  
n a r a p a r e s i  s  
2  s k u l l  f x s ,  f a t a l  a f t e r  5  days 
Cereb ra l  concus and con tus ,  coma, no 
f x ,  f a t a l  a f t e r  6+ h r s  
Concus, severe  b r a i n  con tus ,  h e m i ~ a r e s i  s
S k u l l  f x ,  coma 24 weeks, p a r t i a l  hemi- 
p a r e s i s  
S k u l l  f x  
S k u l l  f x ,  c e r e b r a l  con tus  
S k u l l  f x ,  con tus  eye 
eoncus 
S k u l l  f x ,  concus 
S k u l l  f x ,  concus 
Concus, i n t r a c e r e b r a l  hematoma, no fx 
S k u l l  f x  
Skul  1  f x ,  coma 5 days, fx f o rea rm 
S k u l l  fx  
S k u l l  f x ,  concus, aphas ia  & hemioa res i s  
S k u l l  f x ,  f x  c e r v i c a l  v e r t e b r a ,  q u a d r i -  
p l e g i a ,  f x  femur,  f a t a l  a f t e r  5% weeks 
Notes :  
1. A b b r e v i a t i o n s  same as T a b l e l l .  
2. On l y  f a l l s  t o  r i g i d  sur faces a r e  i n c l u d e d ;  one f t  = .30 m. 
P a r t  D l  a l t h o u g h  t h e  l e a s t  i n j u r y  o c c u r r e d  a t  t h e  l owes t  f a l l  
h e i g h t ,  8 f e e t  ( 2 . 5  m ) ,  and t h e  g r e a t e s t  i n j u r y  a t  t h e  g r e a t -  
es t  h e i g h t  (17 .5  f t :  5 .3  m ) .  
Only t h r e e  a d u l t s  f e l l  on t h e i r  heads  i n  a  manner s i m i l a r  
t o  t h e  c h i l d r e n  i n c l u d e d  i n  Tab le  1 3 ,  and t h o s e  f a l l s  were of 
moderate  h e i g h t  (6  - 1 5  f t ;  1.8-4.5 m ) .  Each i n c r e a s e  i n  
h e i g h t  r e s u l t e d  i n  more s i g n i f i c a n t  i n j u r y .  The s u b j e c t  who 
s u r v i v e d  5% weeks a f t e r  f a l l i n g  15  f e e t  (4 .6  m) f i n a l l y  suc-  
cumbed t o  pneumonia a s  a  c o m p l i c a t i o n  o f  b r a i n  i n j u r y .  For 
S u b j e c t  59 ,  b r a i n  damage o c c u r r e d  a f t e r  a  f a l l  o f  o n l y  11 
f e e t  ( 3 . 4  m ) .  
b. R e s u l t s  o f  S imula t ed  Head Impacts .  H e a d - f i r s t  
f a l l s  o f  seven  s u b j e c t s  were s i m u l a t e d  w i t h  t h e  MVMA 2-D 
Model, The p r imary  head r e s p o n s e  p a r a m e t e r s  -- peak r e s u l t a n t  
a c c e l e r a t i o n ,  3-msec a v e r a g e  a c c e l e r a t i o n ,  maximum s k u l l  
d e f l e c t i o n  and peak normal f o r c e  -- a r e  shown i n  Tab le  1 4  f o r  
h e a d - f i r s t  f a l l s  o n t o  r i g i d  s u r f a c e s .  The c a s e s  a r e  a r r a n g e d  
i n  o r d e r  of  i n c r e a s i n g  impact  v e l o c i t y .  
I n  i n t e r p r e t i n g  a l l  r e s p o n s e  d a t a  i n  t h i s  t a b l e  and i n  
t h e  r e s t  of t h i s  c h a p t e r ,  it shou ld  be  k e p t  i n  mind t h a t  
t h e  f o r c e - d e f l e c t i o n  c u r v e s  deve loped  f o r  t h e  s k u l l  and o t h e r  
body p a r t s  (see Appendix B) do n o t  accoun t  f o r  f r a c t u r e .  S i n c e  
f r a c t u r e  c a u s e s  a r e d u c t i o n  of  l oad -bea r ing  c a p a c i t y ,  t h i s  
means t h a t  p r e d i c t e d  peak f o r c e s  and a c c e l e r a t i o n s  a r e  t h e  
maximum t h a t  cou ld  o c c u r  and peak d e f l e c t i o n s  a r e  minimum 
p o s s i b l e  v a l u e s .  However, t h e  f o l l o w i n g  p o i n t s  shou ld  be  
no ted  : 
1) The f a l l  h e i g h t s  f o r  f o u r  o f  t h e  h e a d - f i r s t  impac t  
s i m u l a t i o n s  were n o t  g r e a t l y  above minimum h e i g h t s  
f o r  which f r a c t u r e  i s  expec ted .  I n  f a c t ,  s k u l l  
f r a c t u r e  d i d  n o t  o c c u r  f o r  S u b j e c t  8 7 ,  a s i x - y e a r  
o l d  t h a t  had an  impact  v e l o c i t y  v e r y  s i m i l a r  t o  
t h r e e  o t h e r  s i m u l a t i o n  s u b j e c t s  (see T a b l e  1 4 ) .  
2 )  P r e d i c t e d  peak d e f l e c t i o n s  w i l l  have g r e a t e r  pe r -  
c e n t a g e  e r r o r  t h a n  p r e d i c t e d  peak a c c e l e r a t i o n s  
because  a  f r ac tu re -compensa t ed  l o a d - d e f l e c t i o n  
c u r v e  might  r e s u l t  i n  l a r g e  p r e d i c t e d  d e f l e c t i o n s  
Table  1 4  
Peak Head Response Parameters  
Head - f i r s t  f a l l s  on to  r i g i d  s u r f a c e s ,  showin? t h e  e f f e c t s  of 
impact v e l o c i t y ,  body mass, and body impact ang l e .  
Impact  Peak 3msec Peak 
Case No, Body Impact  Angle,  Head Avg Max Norma1 
W t  V e l o c i t y  Head & Torso G ' s  G ' s  Def l  Force Age - 
( 1  b )  ( f t l s e c )  (degrees)  ( i n )  ( I b f )  
110 32 34 15 813 481 .59 4633 
3yr4mo 2 5 791 474 .59 4619 
25 head 782 500 .59  4622 
35 t o r s o  
6 1 2 1 4 6 25 751 535 1.01 4109 
l y r l m o  3 5 696 546 1.02 4207 
Convers ions:  1 l b  a v o i r  = .4536 kg; 1 f t / s e c  = .3048 m/sec; 
1 i n  = 25.4 mm; 1 1b f  = 4.45 N .  
*Loading h i s t o r y  and, consequent ly ,  peak f o r c e s  a r e  suspect  
**Supine p o s i t i o n  
beyond t h e  f r a c t u r e  d e f l e c t i o n  i n  o r d e r  t o  
produce  t h e  n e c e s s a r y  momentum t r a n s f e r .  
D e f l e c t i o n  v a l u e s  may b e  r e a s o n a b l y  a c c u r a t e ,  
however, s i n c e  o b s e r v a t i o n s  from i n v e s t i g a t e d  
c a s e s  d i d  n o t  s u g g e s t  s k u l l  d e f l e c t i o n s  g r o s s l y  
g r e a t e r  t h a n  t h o s e  p r e d i c t e d .  P r e d i c t e d  peak 
head d e f l e c t i o n s  f o r  r i g i d  s u r f a c e  impac t s  
r ange  from 0.45 t o  0.59 i n c h e s  f o r  c h i l d r e n  
w i t h  f a l l  h e i g h t s  between 10 and 18 f e e t .  An 
a d u l t  w i t h  a  f a l l  h e i g h t  o f  13 .5  f e e t  had a  
peak d e f l e c t i o n  of  0.72 i n c h e s  and a  c h i l d  
f a l l i n g  from 33 f e e t  had a  1 .01-inch p r e d i c t e d  
s k u l l  d e f l e c t i o n .  
Peak head a c c e l e r a t i o n s  a r e  n o t  p a r t i c u l a r l y  
s e n s i t i v e  t o  peak head f o r c e s .  Fo r  most o f  
t h e  c a s e s  (see Tab le  1 4 ) ,  s i m u l a t i o n s  f o r  
t h r e e  body impact  a n g l e s  v a r y i n g  th rough  a  
20-degree r ange  d i d  n o t  p roduce  e i t h e r  g r e a t l y  
d i f f e r e n t  a c c e l e r a t i o n s  o r  f o r c e s .  For  Case 
59,  however, peak f o r c e s  v a r i e d  by 33% w h i l e  
t h e  peak a c c e l e r a t i o n s  v a r i e d  by o n l y  11%. 
T h i s  i n d i c a t e s  t h a t  r e l a t i v e  e r r o r s  i n  p r e d i c t e d  
a c c e l e r a t i o n s  can b e  expec ted  t o  b e  c o n s i d e r -  
a b l y  less t h a n  e r r o r s  i n  p r e d i c t e d  f o r c e s .  
Thus, w h i l e  p r e d i c t e d  head a c c e l e r a t i o n s  can be  expec ted  
t o  be  r e l a t i v e l y  n e a r e r  t o  f r ac tu re -compensa t ed  v a l u e s  t h a n  
d e f l e c t i o n s ,  most p r e d i c t e d  head r e s p o n s e s  a r e  p robab ly  
r e a s o n a b l e .  
The r e s u l t s  i n  T a b l e  1 4  show t h a t ,  f o r  a  g i v e n  c a s e ,  t h e  
a n g l e  a t  impact  between t h e  body and t h e  s u r f a c e  h a s  l i t t l e  
e f f e c t  on r e s p o n s e  o f  t h e  head.  With a l l  o t h e r  p a r a m e t e r s  
h e l d  c o n s t a n t  and t h e  body impact  a n g l e  v a r y i n g  o v e r  a  20 
d e g r e e  r a n g e ,  t h e  peak and 3-msec ave rage  a c c e l e r a t i o n s  f o r  
a  s u b j e c t  d i f f e r e d  by no  more t h a n  1 7 % ,  and d e f l e c t i o n  and 
f o r c e s  d i f f e r e d  by  no more than 8% ( e x c e p t  f o r  Case 5 9 ,  an 
a d u l t ,  which had a  33% d i f f e r e n c e ) .  I n  t h e  s i m u l a t i o n s ,  t h e  
head l o a d s  i n c r e a s e d  t o  maximum and comple t e ly  unloaded i n  a 
few m i l l i s e c o n d s .  T h i s  happened b e f o r e  f o r c e s  c o u l d  b e  f u l l y  
t r a n s f e r r e d  th rough  t h e  neck s t r u c t u r e s  from t h e  body t o  
t h e  head. T h e r e f o r e ,  t h e  p o s i t i o n  of  t h e  body r e l a t i v e  t o  
t h e  head had l i t t l e  i n f l u e n c e  on t h e  i n i t i a l  head r e s p o n s e .  
L a t e r  i n  t h e  s i m u l a t i o n ,  body f o r c e s  were more d i r e c t l y  
coupled  th rough  t h e  neck and t h e  head r e l o a d e d .  Fo rces  and 
a c c e l e r a t i o n s  d u r i n g  r e l o a d i n g  neve r  exceeded t h o s e  a t  i n i t i a l  
impact  . 
However, f i e l d  i n v e s t i g a t i o n  d a t a  c i t e d  e a r l i e r  s u g g e s t  
t h a t  p o s i t i o n  a t  impact  i s  more i m p o r t a n t  t h &  t h e  s imula-  
t i o n s  i n d i c a t e .  T h i s  d i s c r e p a n c y  i n  t h e  s i m u l a t i o n s  may be  
due t o  t h e  s p e c i f i c a t i o n  of s k u l l  f o r c e - d e f l e c t i o n  p r o p e r t i e s .  
The same f o r c e - d e f l e c t i o n  c h a r a c t e r i s t i c s  were a s s i g n e d  t o  
a l l  a s p e c t s  o f  t h e  s k u l l ,  b u t  t h e  human s k u l l  does  n o t  re- 
spond i d e n t i c a l l y  t o  impac ts  from v a r i o u s  d i r e c t i o n s .  For 
example,whi le  t h e  modeled s k u l l  w i l l  have t h e  same s t i f f n e s s  
f o r  bo th  f r o n t a l  and o c c i p i t a l  impac t s ,  t h e  r e a l  s k u l l  may 
n o t .  A l so ,  b r a i n  mot ions  i n  one d i r e c t i o n  may be  more i n j u r i o u s  
t h a n  i n  a n o t h e r  d i r e c t i o n ,  and t h e  model does  n o t  account  f o r  
b r a i n  t i s s u e  dynamics.  These f a c t o r s  may i n  p a r t  a ccoun t  f o r  
t h e  l a r g e  d i f f e r e n c e s  i n  i n j u r i e s  s een  under o t h e r w i s e  s i m i l a r  
f a l l  c i r cums tances .  
Impact v e l o c i t y  (dependent  on f a l l  d i s t a n c e ) ,  body mass 
and age  o f  t h e  s u b j e c t  a l l  have i n t e r r e l a t e d  e f f e c t s  on 
impact  r e s p o n s e s .  The g r a p h s  i n  F i g u r e  1 4  show r e l a t i o n s h i p s  
between impact  v e l o c i t y  and t h e  r e s p o n s e  pa rame te r s  o f  peak 
a c c e l e r a t i o n  and maximum head d e f l e c t i o n  (averaged  o v e r  two 
o r  t h r e e  body impact  a n g l e s ) .  No such r e l a t i o n s h i p  i s  found 
f o r  f o r c e  a s  a f u n c t i o n  o f  impact  v e l o c i t y  o r  f o r  a n y o f  t h e s e  pa ra -  
me te r s  a s  a  f u n c t i o n  of  t o t a l  body k i n e t i c  energy .  F i g u r e  1 4  
s u g g e s t s  t h a t  impact  v e l o c i t y  i s  most i n f l u e n t i a l  i n  d e t e r -  
mining t h e  r e sponse  t o  a h e a d - f i r s t  impac t .  However, t h e  
r e s u l t s  i n  Tab le  1 4  show t h a t  o t h e r  f a c t o r s  canno t  be  d i s -  
counted .  For example,  i n  Cases  2 1  ( a g e  3%) and 9 ( a g e  2 ) ,  
t h e  two c h i l d r e n  f e l l  a lmos t  t h e  same d i s t a n c e  and landed  w i t h  
approximate ly  t h e  same impact  a n g l e s .  The s m a l l e r  mass and 
lower head s t i f f n e s s  o f  t h e  younger s u b j e c t  r e s u l t e d  i n  lower 
f o r c e s  t o  t h e  head d e s p i t e  h igh& a c c e l e r a t i o n s .  The lower 
head s t i f f n e s s  o f  S u b j e c t  9 a l s o  r e s u l t e d  i n  g r e a t e r  head 
d e f l e c t i o n s  even though head mass was less. Both s u b j e c t s  
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Figure 14. Head Acceleration and Deflection Responses as a 
Function of Impact Velocity. 
r e c e i v e d  m u l t i p l e  s k u l l  f r a c t u r e s  i n  t h e i r  f a l l s  b u t  
r ecove red  q u i c k l y ,  a p p a r e n t l y  w i t h  l i t t l e  o r  no perma- 
n e n t  impairment .  S u b j e c t s  2 1  ( a g e  3%) and 59 ( a g e  2 1 ) f e l l  
s i m i l a r  d i s t a n c e s  and a t  s i m i l a r  impac t  a n g l e s ,  b u t  t h e y  
d i f f e r  i n  age  and mass. The head s t i f f n e s s  c a l c u l a t e d  
f o r  S u b j e c t  59 was 1 . 6  times t h a t  of S u b j e c t  2 1 ,  t h e  body 
mass was f o u r  t i m e s  g r e a t e r ,  and t h e  k i n e t i c  energy  a t  impact  
was 4.9 times a s  l a r g e .  The a c c e l e r a t i o n  r e s p o n s e s  and head 
d e f l e c t i o n  of  S u b j e c t  59 were 1 . 5  times and t h e  peak head 
f o r c e  2.4 t i m e s  a s  g r e a t  a s  f o r  S u b j e c t  21. Thus,  i n  t h i s  
i n s t a n c e ,  body mass and head s t i f f n e s s  were shown t o  have a  
s i g n i f i c a n t  i n f l u e n c e  on r e s p o n s e s .  The a d u l t  s u b j e c t  (Case 59) 
s u f f e r e d  much more s e v e r e  i n j u r i e s  t h a n  t h e  c h i l d  (Case 2 1 ) ,  
w i t h  a  pro longed  r e c u p e r a t i o n  and permanent b r a i n  damage. 
c .  A n a l y s i s  of  Head-Impact S i m u l a t i o n  R e s u l t s .  I n  
a  r e p o r t  on t h e  s t a t e - o f - t h e - a r t  i n  human impact  t o l e r a n c e ,  
Snyder (1970)  r e p o r t e d  many r e s u l t s  from tes ts  w i t h  human 
v o l u n t e e r s  and a n i m a l s ,  and from o t h e r  s o u r c e s  such  a s  f r e e -  
f a l l s .  These r e s u l t s  sugges t ed  t h a t  t h e  s u r v i v a l  l i m i t  f o r  
a d u l t  humans under  f r e e - f a l l  impac t  c o n d i t i o n s  was less t h a n  
240 G i f  a p p l i e d  f o r  1 2  msec. However, it i s  a l s o  g e n e r a l l y  
a c c e p t e d  t h a t  p o r t i o n s  o f  t h e  body can s u r v i v e  much h i g h e r  
a c c e l e r a t i o n s  f o r  much s h o r t e r  p e r i o d s  of t i m e .  For s u r -  
v ived  f a l l s  s i m u l a t e d  i n  t h i s  s t u d y ,  t h e  p r e d i c t e d  head 
r e s u l t a n t  a c c e l e r a t i o n s e x c e e d e d  475 G f o r  t i m e  d u r a t i o n s  
of  up t o  two msec. Snyder (1970)  a l s o  c i t e s  d a t a  which 
s u p p o r t  an e a r l y  head impact  t o l e r a n c e  c u r v e  deve loped  a t  
Wayne S t a t e  U n i v e r s i t y .  The Wayne S t a t e  d a t a  a r e  t h e  a c c e l -  
e r a t i o n - t i m e  combina t ions  n e c e s s a r y  t o  produce f r a c t u r e  i n  
cadave r  s k u l l s  which were impacted f o r e h e a d - f i r s t  o n t o  a  
f l a t ,  r i g i d  s u r f a c e .  S k u l l  f r a c t u r e s  o c c u r r e d  a t  abou t  
450 G f o r  one  msec d u r a t i o n  and 280-380 G f o r  two msec 
d u r a t i o n  w i t h  t h e  p o t e n t i a l  f o r  b r a i n  i n j u r y  e s t i m a t e d  t o  
o c c u r  below t h o s e  l e v e l s .  Thus,  n e i t h e r  t h e  s i m u l a t i o n s  n o r  
t h e  f i e l d  o b s e r v a t i o n s  a r e  i n  g r o s s  d i sag reemen t  w i t h  t h e  
p u b l i s h e d  d a t a .  The s i m u l a t i o n s  p r e d i c t e d  peak head a c c e l -  
e r a t i o n s  i n  t h e  370-800 G r a n g e  f o r  d u r a t i o n s  o f  1-2 msec,  
and a l l  s i m u l a t i o n  s u b j e c t s  d i d  i n  f a c t  have f r a c t u r e d  s k u l l s  
and /or  s u b s t a n t i a l  b r a i n  i n j u r i e s .  
Snyder  (1970 ,  1973)  p r e s e n t e d  a  g r aph  a d a p t e d  from Roth 
(1967)  which summarized impac t  e x p e r i e n c e  t o  d a t e  a s  a  
f u n c t i o n  of  d e c e l e r a t i o n  d i s t a n c e  and impac t  v e l o c i t y ,  w i t h  
impac t  a c c e l e r a t i o n  and " s t o p p i n g  t ime"  a s  de t e rmined  pa ra -  
me te r s .  T h i s  g r a p h  i s  i n c l u d e d  a s  F i g u r e  1 5 .  The b a s i s  f o r  
t h e  Roth g r a p h  i s  t h e  assumpt ion  o f  c o n s t a n t  d e c e l e r a t i o n  o v e r  
t h e  s t o p p i n g  time. T h e r e f o r e ,  a c c e l e r a t i o n s  shown i n  t h e  
g raph  shou ld  be  c o n s i d e r e d  " a v e r a g e , "  n o t  peak.  The simu- 
l a t e d  h e a d - f i r s t  f r e e - f a l l s  have been p l o t t e d  o n t o  t h e  g r a p h  
u s i n g  a s  c o o r d i n a t e s  t h e  v e l o c i t y  a t  impac t  and t h e  p r e d i c t e d  
maximum d e f l e c t i o n  of  t h e  head.  A l l  o f  t h e  s i m u l a t i o n s  f a l l  
beyond t h e  s u r v i v a l  l i m i t  e s t i m a t e d  by Roth. Yet a l l  b u t  one  
o f  t h e  s u b j e c t s ,  i n c l u d i n g  a  young a d u l t ,  s u r v i v e d  t h e  i m -  
p a c t s ,  a l t h o u g h  most  d i d  s u f f e r  some b r a i n  damage. (Roth  
n o t e d  t h a t  u n c e r t a i n t i e s  due  t o  b i o p h y s i c a l  f a c t o r s  s h o u l d  
c a u s e  t h e  "approximate  s u r v i v a l  l i m i t "  v a l u e s  t o  be  used 
w i t h  c a u t i o n . )  A c c e l e r a t i o n  and s t o p p i n g  t i m e  v a l u e s  f o r  
t h e  s i m u l a t i o n s  were de t e rmined  from t h e  g raph  and a r e  com- 
pa red  w i t h  t h e  v a l u e s  p r e d i c t e d  by t h e  model ( F i g u r e  1 5 ,  
t a b u l a r  m a t e r i a l ) . *  The peak and 3-msec a v e r a g e  a c c e l e r a -  
t i o n s  f o r  t h e  g raph  a r e  s i m p l e  lumped-mass e s t i m a t e s  f o r  
assumed l i n e a r  sys tems .**  S t o p p i n g  times compare v e r y  
f a v o r a b l y  between t h e  two methods - t h e r e  i s  less t h a n  0 . 7  
msec d i f f e r e n c e  f o r  a l l  b u t  one  c a s e ,  t h e  a d u l t .  Maximum 
head d e f l e c t i o n  f o r  t h e  a d u l t  o c c u r r e d  a t  10 .4  msec., a b o u t  
* G r a p h i c a l  r e s u l t s  i n c l u d e d  i n  t h e  t a b l e  w i t h  F i g u r e  1 5  a r e  
c a l c u l a t e d ,  n o t  r e a d  from t h e  graph .  
* *  The peak and 3-msec a v e r a g e  a c c e l e r a t i o n s  f o r  t h e  g r a p h  a r e  
v a l u e s  d e r i v e d  from t h e  p rev ious ly -men t ioned  c o n s t a n t  ( o r  
"average"  d e c e l e r a t i o n  by assuming t h a t  t h e r e  i s  a  fundamenta l  
natural.  f r equency  ( mm) of t h e  impac t inq  body which does n o t  
vary w i t h  d e f l e c t i o n  f o r  d e f l e c t i o n s  l e s s  t h a n  t h e  s t o p p i n g  
d i s t a n c e .  
DECELERATION - DISTANCE 
P r e d i c t e d  I n  
D e t e ~ i ~ e d  f rom Graoh S i m u l a t i o n s  ---.-- 
Peak 3 msec 3  msec S topp ing  
Case Head Impact Avg Peak Avg S t o p ~ i n g  Avg Peak Avg 
No. D e f l  Velocity A c c c l .  G 's*  G ' s *  Time Accel**  G ' s  G 's  iz l  - fil U t / s e c )  (G'sj -0- 
21 .45 26 273 429 384 2.9 299 372 280 2.7 
9 .51 27 264 415 377 3.2 306 457 334 2.7 
87 .50 28 303 476 426 2.9 374 621 362 2.4 
Convcrsions: 1  i n  - 2.54 cm 1  f o o t  - ,3048 m 
n V *in ( L.- 0015 n I x Avg , 3-msec avg =T~T~  *Est in ia tcs :  Peak = - 
2 t ~  
[ V  = v c l o c i  t y ,  t = s t o p p i n g  t i n ~ c ]  
P ** Average a c c c l e r a t l o n  = impact  v e l o c i t y / s t o p p i n g  t ime .  
Figure 15.  S i m u l a t e d  Head Impac t s  Compared w i t h  O the r  
Impact  E x p e r i e n c e .  After Roth ,  1 9 6 7 .  
8 msec l a t e r  than  f o r  t h e  c h i l d r e n  and 6 msec l a t e r  than  
t h e  g r a p h i c a l  p r e d i c t i o n .  Although t h e  a d u l t  s i m u l a t i o n  
e x h i b i t s  an  i n i t i a l  peak i n  head d e f l e c t i o n  a t  2.7 msec, 
a  h i g h e r  peak v a l u e  occurs  l a t e r ,  t o g e t h e r  w i t h  de layed i n -  
e r t i a l  l o a d i n g  by t h e  r e l a t i v e l y  l a r g e  body mass of  t h e  
a d u l t ,  which a c t s  through t h e  neck. The degree  of  agreement 
between g r a p h i c a l  and s i m u l a t i o n  r e s u l t s  f o r  a c c e l e r a t i o n s  
and s t o p p i n g  times r e f l e c t s  t h e  degree  of  s i m i l a r i t y  between 
lumped-mass and d i s t r i b u t e d - m a s s  r e p r e s e n t a t i o n s  o f  t h e  f a l l  
s u b j e c t .  It i s  c l e a r  t h a t  t h e  a d u l t  behaved much l e s s  l i k e  
a  lumped mass than  d i d  t h e  c h i l d r e n .  On t h e  whole, a c c e l e r a -  
t i o n  v a l u e s  from t h e  graph and t h e  s i m u l a t i o n s  a r e  s i m i l a r  
a l though  s i m u l a t i o n  v a l u e s  a r e  somewhat l a r g e r .  The 3-msec 
average  a c c e l e r a t i o n s  f o r  t h e  graph a r e  probably  u n r e a l i s t i -  
c a l l y  l a r g e  s i n c e  t h e i r  c a l c u l a t i o n  assumed no absorbed 
energy l o s s  d u r i n g  rebound unloading.  
The s i m u l a t i o n  r e s u l t s  shown i n  F i g u r e  15  do n o t  i n c l u d e  
f i v e  c a s e s  which were n o t  s i m u l a t e d ,  i n  which c h i l d r e n  f e l l  
6-10 f e e t ,  landed on t h e i r  heads on r i g i d  s u r f a c e s  wi th  i m -  
p a c t  v e l o c i t i e s  of 19-25 f t / s e c ,  and s u f f e r e d  concuss ion ,  
s k u l l  f r a c t u r e ,  and ( i n  t h r e e  c a s e s )  d e a t h .  These t h r e e  
c a s e s  were s p e c i f i c a l l y  i n v e s t i g a t e d  because it seemed un- 
u s u a l  t h a t  d e a t h  had occur red  i n  f a l l s  from such low h e i g h t s .  
A d e t a i l e d  comparison of f a l l  h e i g h t s ,  impact v e l o c i t i e s ,  and 
body masses between t h e s e  f i v e  c a s e s  and ve ry  s i m i l a r  s imula-  
t i o n  c a s e s  i n d i c a t e d  t h a t  t h e s e  c a s e s  would a l s o  have been 
above t h e  s u r v i v a l  l i m i t  d e s i g n a t e d  by Roth. 
The r e s u l t s  shown i n  F i g u r e  15 and d i s c u s s e d  above l end  
s u p p o r t  t o  a  p o s s i b l e  g e n e r a l i z a t i o n  concerning head impacts .  
Consider ing  t h a t  t h e  s u r v i v a l  l i m i t  i n d i c a t e d  by Roth i s  t h e  
l e v e l  above which s u r v i v a l  i s  r a r e ,  R o t h ' s  v a l u e  o f  175-200 G 
i s  probably  below t h e  a c t u a l  s u r v i v a l  limit f o r  many c h i l d r e n  
under 7-8 y e a r s  of age.  With R o t h ' s  d e f i n i t i o n  of s u r v i v a l  
l i m i t ,  t h e  g r a p h i c a l  d a t a  sugges t  t h a t  a c o n s t a n t  a c c e l e r a -  
t i o n  of 350 G f o r  2 . 5  t o  3 msec s t o p p i n g  t ime might be more 
a p p r o p r i a t e  f o r  t h i s  age group.  A co r respond ing  s u r v i v a l  
l i m i t  f o r  peak a c c e l e r a t i o n  can be  e s t i m a t e d  by m u l t i p l y i n g  
t h e  c o n s t a n t  a c c e l e r a t i o n  by a  f a c t o r  of  ~ / 2 .  T h i s  f a c t o r  i s  
c o n s e r v a t i v e  compared t o  t h e  model p r e d i c t i o n s  and g i v e s  a  
v a l u e  of 550 G peak a c c e l e r a t i o n .  
The above c o n c l u s i o n ,  of  c o u r s e ,  depends on a  r easonab ly  
a c c u r a t e  e s t i m a t e  of d e c e l e r a t i o n  d i s t a n c e ,  and t h i s  q u e s t i o n  
was addressed  i n d i r e c t l y  i n  s e v e r a l  s i m u l a t i o n s .  E r r o r s  of  
3 0 %  were assumed i n  t h e  t echn ique  used t o  make age a d j u s t -  
ments f o r  s k u l l  f o r c e - d e f l e c t i o n  c h a r a c t e r i s t i c s .  The r e s u l -  
t i n g  s i m u l a t i o n  d a t a  showed d i f f e r e n c e s  i n  d e c e l e r a t i o n  d i s -  
t a n c e  of l e s s  than  10% (+  . 0 2  t o  - . 0 4  i n c h e s ) ,  which produced 
v i r t u a l l y  no change i n  t h e  g r a p h i c a l  r e s u l t s .  T h e r e f o r e ,  
e r r o r s  of a t  l e a s t  1 0 %  i n  p r e d i c t i n g  head deformat ion  do n o t  
a f f e c t  t h e  r e s u l t s  enough t o  change t h e  b a s i c  conc lus ions  
noted  above. 
No c o n c l u s i o n s  could  be drawn from t h e  r e s u l t s  i n  F igure  
15 concerning t o l e r a n c e  l i m i t s  f o r  r e v e r s i b l e  i n j u r y .  
The a v a i l a b i l i t y  of  s i m u l a t i o n  r e s u l t s  a f f o r d e d  a n o t h e r  
o p p o r t u n i t y  t o  de termine  i f  a  r e l i a b l e  i n j u r y  i n d i c a t o r  could  
be developed.  Eleven p o t e n t i a l  i n d i c a t o r s  were c a l c u l a t e d  
and were examined f o r  t h e i r  a b i l i t y  t o  p r e d i c t  t h e  maximum 
A I S  v a l u e  f o r  t h e  head. Only f i v e ,  a s  d e s c r i b e d  below, were 
though t  t o  be p o t e n t i a l l y  good i n d i c a t o r s  of  head i n j u r y .  These 
were peak and 3-msec average  a c c e l e r a t i o n s ,  Head I n j u r y  C r i t e r i o n  
( H I C ) ,  r a t e  of o n s e t  o f  a c c e l e r a t i o n ,  and head absorbed energy 
p e r  u n i t  of  head mass. A "good" i n d i c a t o r  i s  one f o r  which 
t h e r e  i s  a  p o s i t i v e  c o r r e l a t i o n  between t h e  i n d i c a t o r  and t h e  
AIS va lue .  The e x i s t e n c e  of such c o r r e l a t i o n  does n o t  d i s -  
t i n g u i s h  between f a c t o r s  which a r e  p r i m a r i l y  and s e c o n d a r i l y  
involved i n  t h e  i n j u r y  mechanism. 
The Abbrevia ted  I n j u r y  S c a l i n g  system u s e s  a  d i s c r e t e  
i n j u r y  s c a l e  o f  magni tude  0-6,  z e r o  b e i n g  no i n j u r y  a t  a l l  
and 6  b e i n g  maximum and c u r r e n t l y  u n t r e a t a b l e  ( i n v a r i a b l y  
f a t a l )  (AAAM, 1 9 7 6 ) .  T h e r e f o r e ,  any p r e d i c t o r  o f  AIS may 
be  e x p e c t e d  t o  p roduce  r e s u l t s  which f i t  a  s igmoid  c u r v e  of  
t h e  t y p e  shown i n  F i g u r e  16.  I f  t h e  p r e d i c t o r  h a s  no magni tude ,  
t h e r e  can  b e  no i n j u r y ,  s o  t h e  c u r v e  p a s s e s  t h r o u g h  t h e  o r i g i n .  
The c u r v e  r ema ins  a t  AIS = 0 u n t i l  t h e  magni tude  o f  t h e  p r e -  
d i c t o r  i s  such  t h a t  i n j u r y  s t a r t s  t o  o c c u r .  T h e r e a f t e r ,  t h e  
s e v e r i t y  o f  i n j u r y  w i l l  i n c r e a s e  a s  t h e  magni tude  o f  t h e  p r e -  
d i c t o r  i n c r e a s e s  u n t i l  t h a t  magni tude  becomes v e r y  l a r g e .  
The c u r v e  must  l a t e r  become a s y m p t o t i c  t o  AIS = 6 s i n c e  t h e  
AIS v a l u e  c a n n o t  exceed  6  r e g a r d l e s s  o f  t h e  magni tude  o f  t h e  
p r e d i c t o r .  The s l o p e  i n  t h e  c e n t r a l  p o r t i o n  o f  t h e  c u r v e  and 
t h e  shape  of  t h e  c u r v e  n e a r  AIS = 0 and AIS = 6  w i l l  change 
w i t h  v a r i o u s  i n d i c a t o r s ,  b u t  t h e  b a s i c  shape  of  t h e  c u r v e  
must b e  s a t i s f i e d .  
Peak head a c c e l e r a t i o n  and 3-msec a v e r a g e  a c c e l e r a t i o n  
a r e  two p a r a m e t e r s  t h a t  were found  t o  produce  a  good f i t  t o  
t h e  r e q u i r e d  c u r v e .  F i g u r e  17  shows t h e  r e l a t i o n s h i p  be- 
tween t h e  head a c c e l e r a t i o n  and t h e  maximum AIS v a l u e  f o r  t h e  
head ( t h e  p l o t t e d  p o i n t  f o r  e a c h  s u b j e c t  i s  t h e  a v e r a g e  f o r  
two o r  t h r e e  s i m u l a t i o n s  a t  d i f f e r e n t  body a n g l e s ) .  The f i t  
f o r  s i x  o f  t h e  s even  s i m u l a t e d  c a s e s  i s  e x c e l l e n t  t h r o u g h  
t h e  AIS = 2 - 5 r ange .  I t  i s  a l s o  no t ewor thy  t h a t  t h e  g r e a t e s t  
peak a c c e l e r a t i o n  was a s s o c i a t e d  w i t h  t h e  o n l y  f a t a l i t y  which 
was s i m u l a t e d .  Peak and 3-msec a c c e l e r a t i o n s  were c o n s i s t e n t  
i n d i c a t o r s  i n  a l l  b u t  one c a s e .  The e x c e p t i o n  (Case  61) was 
t h e  13-month o l d  c h i l d  who f e l l  34 f e e t  ( 9 . 9  m ) ,  b u t  s u f f e r e d  
l i t t l e  o r  no  known permanent  b r a i n  damage. Un l ike  most  o f  
t h e  o t h e r  f a l l s ,  t h i s  c h i l d  r e c e i v e d  e x t e n s i v e  i n j u r i e s  t o  
o t h e r  p o r t i o n s  o f  t h e  body a s  w e l l  a s  t h e  head and some o f  
t h e  impac t  ene rgy  may have been d i s s i p a t e d  t h r o u g h  t h e  o t h e r  
body p a r t s .  The c u r v e s  i n c l u d e d  i n  F i g u r e  1 7  were  c o n s t r u c t e d  
u s i n g  a  s u b j e c t i v e  judgement o f  b e s t  f i t  ba sed  b o t h  on t h e  

















Figure 1 7 .  Peak and 3-msec Average Head Acce le ra t ions  a s  
I n d i c a t o r s  of Head In ju ry .  I n  each ca se ,  peak 
a c c e l e r a t i o n  was reached wi th in  3 msec a f t e r  
i n i t i a l  impact.  
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Figure 1 6 .  General Shape of Curve f o r  P red i c t i ng  AIS. 
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The s l o p e  of  t h e  curve  f o r  3  msec average  a c c e l e r a t i o n  i s  
s t e e p e r ,  a s  expec ted ,  s i n c e  t h e  consequences of s u s t a i n e d  
a c c e l e r a t i o n  a r e  more s e v e r e .  The curve  f o r  3-msec average  
a c c e l e r a t i o n s ,  though approx imate , sugges t s  a  350-400 G 
s u r v i v a l  l i m i t  f o r  young c h i l d r e n .  At 4 0 0  G t h e  curve  i s  
approaching AIS = 5 which i s  d e f i n e d  a s  a  c r i t i c a l  i n j u r y  
w i t h  s u r v i v a l  u n c e r t a i n .  Th i s  cu rve  a l s o  i n d i c a t e s  t h a t  a 
r e v e r s i b l e  i n j u r y  t o l e r a n c e  l i m i t  (AIS = 2 o r  3) cou ld  be 
a s  h igh  a s  275-325 G f o r  3-msec average  a c c e l e r a t i o n s .  The 
curve  f o r  peak a c c e l e r a t i o n  i n d i c a t e s  t h a t  t h e  s u r v i v a l  
and r e v e r s i b l e  i n j u r y  t o l e r a n c e  l i m i t s  f o r  young c h i l d r e n  
may be a s  h igh  a s  600 G peak and 350-400 G peak,  r e s p e c t i v e l y .  
I t  should  a l s o  be noted  t h a t  f o u r  of  t h e  i n v e s t i g a t e d  c a s e s  
involved c h i l d r e n  f a l l i n g  on to  t h e i r  heads from h e i g h t s  l e s s  
t h a n  t h e  lowest  s imula ted  h e i g h t .  Head i n j u r i e s  of  AIS 4-5 
l e v e l  s e v e r i t y  were r e c e i v e d  i n  t h r e e  of  t h o s e  f o u r  c a s e s .  
For  t h o s e  t h r e e ,  peak head a c c e l e r a t i o n s  were probably  l e s s  
t h a n  would be i n d i c a t e d  by t h e  curve  i n  F i g u r e  17 .  
The Head I n j u r y  C r i t e r i o n  ( H I C )  was a l s o  found t o  have 
a  r e l a t i o n s h i p  t o  observed i n j u r i e s .  The H I C  r e s u l t s  f o r  
t h e  s i x  c h i l d  s u b j e c t s  a r e  shown i n  F i g u r e  18 ( i n c o r r e c t  
r e l o a d i n g  i n  t h e  model p reven ted  a c c u r a t e  c a l c u l a t i o n  of  
H I C  f o r  t h e  a d u l t ) .  Again, Case 61 l i e s  o u t s i d e  t h e  expected  
grouping.  The dashed curve  i l l u s t r a t e s  a  c o r r e l a t i o n  of  
head AIS t o  H I C .  Th i s  i s  an encouraging r e s u l t ,  s i n c e  H I C  
and AIS a r e  bo th  in tended  t o  be  r e l a t e d  t o  t h e  s e v e r i t y  of 
a c t u a l  head i n j u r i e s .  However, t h e  curve  a l s o  s u g g e s t s  
t h a t  H I C  v a l u e s  of  up t o  3000 cou ld  b e  expected  t o  r e f l e c t  
on ly  moderate i n j u r y .  There w i l l  be more d i s c u s s i o n  r e l a t e d  
t o  t h e s e  o b s e r v a t i o n s  l a t e r  i n  t h i s  s e c t i o n .  
Snyder (1973) s t r e s s e d  t h a t  r a t e  of  o n s e t  of a c c e l e r a t i o n  
i s  a  de te rmin ing  f a c t o r  i n  whole-body t o l e r a n c e  t o  impact .  
T h i s  parameter  was c a l c u l a t e d  a s  t h e  average  s l o p e  ( r a t e  of 
change) o f  t h e  a c c e l e r a t i o n  curve  from t ime  t = 0  t o  t h e  t i m e  
a t  peak a c c e l e r a t i o n  ( g e n e r a l l y  2  msec) ( F i g u r e  1 9 ) .  T h i s  i s  
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t h e  s t a n d a r d  method o f  e x p r e s s i n g  r a t e  of  o n s e t  of a c c e l -  
e r a t i o n .  Another  method would have been t o  use  t h e  i n i t i a l  
s l o p e  of  t h e  a c c e l e r a t i o n  curve .  T h i s  would have g iven  a  
h i g h e r  v a l u e  f o r  r a t e  of  o n s e t ,  b u t  t h e  d u r a t i o n  of  t h i s  
r a t e  was always 0 .5  msec o r  less. The sigmoid curve  shape 
would n o t  d i f f e r  f ~ r  t h i s  d e f i n i t i o n  of r a t e  of o n s e t  a s  i t  
was noted  t h a t  t h e  i n i t i a l  and average  r a t e s  of o n s e t  were 
n e a r l y  p r o p o r t i o n a l  f o r  t h e  h e a d - f i r s t  impact  s i m u l a t i o n s . *  
Again, cu rve  has  been c o n s t r u c t e d  t o  f i t  t h e  d a t a  i n  F ig -  
u r e  19.  S n y d e r ' s  (1970) d a t a  were examined f o r  p o s s i b l e  
a p p l i c a t i o n  t o  t h e  lower p o r t i o n  of t h e  curve .  However, o n l y  
d a t a  f o r  whole-body response  were r e p o r t e d  and t h e y  were n o t  
a p p l i c a b l e .  The s i m u l a t i o n  r e s u l t s  s u g g e s t  a  r e v e r s i b l e -  
i n j u r y  t o l e r a n c e  (AIS = 1) f o r  r a t e - o f - o n s e t ,  a s  d e f i n e d  
above, o f  up t o  200,000 G/sec f o r  a s  much a s  2 msec of 
o n s e t  and a  s u r v i v a l  t o l e r a n c e  (AIS > 5 )  o f .  abou t  300,000 G/ 
s e c .  These p r e d i c t e d  t o l e r a n c e  l e v e l s  p e r t a i n  p r i m a r i l y  t o  
young c h i l d r e n .  
The f i f t h  p o t e n t i a l  i n d i c a t o r  was developed based on 
energy c o n s i d e r a t i o n s .  Of t h e  s e v e r a l  e n e r g y - r e l a t e d  i n d i -  
c a t o r s  t h a t  were examined, o n l y  one - energy absorbed p e r  
u n i t  volume - tended t o  s u p p o r t  t h e  r e q u i r e d  curve  shape.  
Head volume was, of  c o u r s e ,  n o t  known f o r  any s u b j e c t .  How- 
e v e r ,  volume, mass and d e n s i t y  of  t h e  head a r e  r e l a t e d  through 
t h e  e x p r e s s i o n  V = m / p  h  h  h '  I f  t h e  assumption i s  made t h a t  
t h e  average  m a t e r i a l  d e n s i t y ,  P h r  o f  t h e  head i s  r e l a t i v e l y  
c o n s t a n t  from i n d i v i d u a l  t o  i n d i v i d u a l ,  t h e n  p h  becomes con- 
s t a n t  and volume i s  p r o p o r t i o n a l  t o  head mass. The head mass 
was c a l c u l a t e d  a s  p a r t  of t h e  i n p u t  d a t a  f o r  each s i m u l a t i o n ,  
s o  t h e  parameter  of i n t e r e s t  was energy absorbed by t h e  head 
d i v i d e d  by head mass. Absorbed energy was c a l c u l a t e d  t o  be 
0.9 times t h e  a r e a  under t h e  impact  l o a d i n g  curve  of  t h e  
head ( s e e  Appendix B ) .  F i g u r e  2 0  shows energy absorbed p e r  
* The p r o p o r t i o n a l i t y  f a c t o r  i s  about  1 .9 .  
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u n i t  volume o f  t h e  head v s  AIS s c o r e .  An app rox ima te  b e s t -  
f i t  c u r v e  i s  shown i n  F i g u r e  2 0 ,  b u t  more d a t a  p o i n t s  would 
be needed t o  e s t a b l i s h  i t s  shape  o r  v a l i d i t y ,  e s p e c i a l l y  
s i n c e  two c a s e s  l i e  w e l l  o u t s i d e  t h e  e x p e c t e d  g roup ing .  
I t  s h o u l d  b e  emphasized t h a t  t h e  f i v e  p o t e n t i a l  i n d i -  
c a t o r s  o f  head i n j u r y  j u s t  d i s c u s s e d  do n o t  i d e n t i f y  a  
mechanism f o r  head i n j u r y .  Nor h a s  any one o f  them been 
e s t a b l i s h e d  a s  a  " b e s t "  i n d i c a t o r .  I t  i s  n o t  unexpec ted  
t h a t  more t h a n  one o f  them d e m o n s t r a t e s  a  r e l a t i o n s h i p  t o  
head AIS, f o r  t h e  i n d i c a t o r s  t hemse lves  a r e  r e l a t e d  t h rouqh  
t h e i r  d e f i n i t i o n s  and th rough  t h e  laws  of  mechanics .  A l l  o f  
t h e  c u r v e s  s h o u l d  b e  o f  v a l u e  s i n c e  no s p e c i f i c  i n d i c a t o r  
w i l l  a lways  be  t h e  one  o f  p r imary  i n t e r e s t .  
The o t h e r  s i m u l a t i o n  p a r a m e t e r s  t h a t  were examined i n  
r e l a t i o n  t o  head AIS a s  p o t e n t i a l  i n d i c a t o r s  of i n j u r y  a r e  
a s  f o l l o w s :  
a )  Peak normal f o r c e  i n  t h e  head d u r i n g  i m p a c t ;  
b )  Peak head d e f l e c t i o n  a s  a  p e r c e n t a g e  of  t h e  t o t a l  
head l e n g t h ,  on  t h e  s u p p o s i t i o n  t h a t  t h e  g r e a t e r  
t h e  p e r c e n t a g e  of  head d e f o r m a t i o n ,  t h e  g r e a t e r  
t h e  i n j u r y  might  b e ;  
c )  E f f e c t i v e  mass o f  t h e  head a s  a  p e r c e n t a g e  of  
t h e  t o t a l  body mass;  
d )  Ra te  o f  o n s e t  t o  3-msec a v e r a g e  a c c e l e r a t i o n  ( t ime 
used  i n  t h e  c a l c u l a t i o n  was t h e  mid-poin t  o f  t h e  
3-msec r a n g e )  ; 
e )  T o t a l  e n e r g y  absorbed  by t h e  head d u r i n g  i n i t i a l  
impac t ;  
f )  Energy abso rbed  by t h e  head p e r  u n i t  o f  head c r o s s -  
s e c t i o n a l  a r e a  ( c a l c u l a t e d  u s i n g  mh 3'2 a s  p ropor -  
t i o n a l  t o  a r e a ) .  
None o f  t h e  above demons t r a t ed  a c o r r e l a t i o n  t o  AIS v a l u e s .  
The s i m u l a t i o n s  i n  t h i s  s t u d y  produced some i n t e r e s t i n g  
r e s u l t s  r e l a t e d  t o  t h e  Head I n j u r y  C r i t e r i o n  ( H I C ) .  A 
H I C  v a l u e  o f  1000 i s  i n t e n d e d  t o  r e f l e c t  t h e  combina t ion  of 
impac t  a c c e l e r a t i o n  and p u l s e  d u r a t i o n  which w i l l .  c a u s e  
most peop le  t o  s u s t a i n  c o n c u s s i o n  i n j u r y  (U.S. DOT, 1 9 6 9 ) .  
T h i s  t y p e  o f  concuss ion  would no rma l ly  b e  r a t e d  AIS  = 2 .  
The MVMA 2-D model c a l c u l a t e s  H I C  d u r i n g  s i m u l a t i o n s  and 
h a s  been shown t o  a c c u r a t e l y  p r e d i c t  H I C  v a l u e s  f o r  tests  
o f  u n r e s t r a i n e d  dummies i m p a c t i n g  t h e  w i n d s h i e l d  i n  a  s e v e r e  
a u t o  c r a s h  envi ronment .  S i n c e  a l l  o f  t h e  cases s i m u l a t e d  
h a d a t  l e a s t  a  c o n c u s s i o n  and/or  a  s k u l l  f r a c t u r e  i t  i s  n o t  
p o s s i b l e  t o  d e t e r m i n e  t h e  v a l i d i t y  o f  a  t h r e s h o l d  v a l u e  o f  
1000,  b u t  it i s  i n t e r e s t i n g  t o  n o t e  t h e  computed H I C  v a l u e s  
i n  t h e s e  c a s e s .  
One f a l l  was s i m u l a t e d  i n  which t h e  c h i l d  r e c e i v e d  a  
c o n c u s s i o n  and s k u l l  f r a c t u r e  w i t h  a  head AIS r a t i n g  o f  2 .  
The model c a l c u l a t e d  a  H I C  v a l u e  o f  3200 i n  t h i s  100-MSEC 
s i m u l a t i o n .  Fo r  more s e v e r e  i n j u r i e s  i n  s u r v i v e d  i m p a c t s ,  
H I C  v a l u e s  o f  up t o  19 ,600  were c a l c u l a t e d  f o r  c h i l d r e n .  
The c h i l d  who d i d  n o t  s u r v i v e  had a  H I C  v a l u e  o f  1 5 , 0 0 0 ,  and 
t h e  s u r v i v e d  f a l l  i n  which n o  s k u l l  f r a c t u r e  was d i agnosed  
had a  H I C  = 7500. 
Fayon e t  a 1  (1976)  have r e c e n t l y  p u b l i s h e d  r e s u l t s  o f  
r i g i d  s u r f a c e  impact  t e s t i n g  w i t h  c a d a v e r s  t h a t  a r e  i n  gene- 
r a l  agreement  w i t h  t h e  s i m u l a t i o n  r e s u l t s .  I n  f r e e - f a l l  
t e s t s  o f  l a t e r a l  impact  t o  t h e  s k u l l  i n  which a c c e l e r o m e t e r s  
were p o s i t i o n e d  t o  c a l c u l a t e  H I C  a t  a p p r o x i m a t e l y  t h e  head 
c e n t e r  o f  g r a v i t y ,  Fayon r e p o r t e d  H I C  o f  " >  7000" f o r  a  6  f t  
( 1 . 8  m) d r o p  and " >  5000" f o r  an  8.3 f t  ( 2 . 5  m)  d r o p .  Fayon 
found t h a t  s k u l l  f r a c t u r e s  and b r a i n  v a s c u l a t u r e  l e s i o n s  had 
o c c u r r e d  i n  e a c h  o f  t h e s e  l a t e r a l  impac t s  ( t h e  b r a i n  v a s c u l a r  
sys t em was p r e s s u r i z e d  d u r i n g  t h e  t e s t s ) .  They judged t h a t  
t h e  " i n j u r i e s "  would have been minor i n  t h e  s i x - f o o t  d r o p  b u t  
p robab ly  f a t a l  i n  t h e  8 .3 - foo t  drop .  
H I C  v a l u e s  may b e  e s t i m a t e d  by s p e c i f y i n g  a  waveform 
shape  f o r  t h e  a c c e l e r a t i o n  r e s p o n s e  p u l s e ,  a  peak a c c e l e r -  
a t i o n ,  and a  p u l s e  d u r a t i o n .  The s i m u l a t i o n s  p r e d i c t e d  p u l s e  
d u r a t i o n s  of  a b o u t  3 msec and waveforms t h a t  were b a s i c a l l y  
e i t h e r  t r i a n g u l a r  o r  h a l f - s i n e  i n  shape .  C a l c u l a t i o n s  u s i n g  
i d e a l i z e d  t r i a n g u l a r  and h a l f - s i n e  waveforms and t h e  p re -  
d i c t e d  peak a c c e l e r a t i o n  v a l u e s  from F i g u r e  17  i n d i c a t e  t h a t  
HIc v a l u e s  o f  a s  much a s  6500-11,000 may b e  s u r v i v a b l e  by 
some c h i l d r e n ,  and H I C  v a l u e s  o f  1700-2800 may r e f l e c t  o n l y  
modera te  i n j u r y .  
While t h e s e  r e s u l t s  do n o t  r e f l e c t  on t h e  v a l i d i t y  o f  
H I C  = 1000 a s  a minimum t o l e r a n c e  l e v e l ,  t h e y  show t h a t  some 
i n d i v i d u a l s  can  s u r v i v e  impac t s  which would produce  H I C  
v a l u e s  t e n  times g r e a t e r  t h a n  t h e  minimum t o l e r a n c e  v a l u e .  
d .  Age F a c t o r  and Impact  S u r f a c e  E f f e c t s .  S e v e r a l  
o t h e r  i n t e r e s t i n g  r e s u l t s  were o b t a i n e d  from t h e  h e a d - f i r s t  
impac t  s i m u l a t i o n s .  The f i r s t  i n v o l v e d  v a r y i n g  t h e  age  
f a c t o r  c u r v e  ( F i g u r e  B-8) t h a t  was used t o  d e r i v e  c h i l d  head 
s t i f f n e s s  c u r v e s  from a d u l t  head s t i f f n e s s  ( F i g u r e  B - 7 ) .  The 
development  of  t h e s e  c u r v e s  i s  d i s c u s s e d  i n  d e t a i l  i n  
Appendix B .  S i n c e  t h e  a g e  f a c t o r  c u r v e  was deve loped  based  
on g e n e r a l i z e d  bone growth p a t t e r n s ,  t h e r e  was some uncer -  
t a i n t y  a b o u t  t h e  shape  o f  t h e  c u r v e ,  p a r t i c u l a r l y  t o  age  6 .  
T h e r e f o r e ,  t h e  s e n s i t i v i t y  o f  t h e  model t o  " i n c o r r e c t "  f o r c e -  
d e f l e c t i o n  c h a r a c t e r i s t i c s  was i n v e s t i g a t e d  u s i n g  t h e  d a t a  
se t  f o r  Case 21 ,  age  34. The a p p r o p r i a t e  a g e  f a c t o r  was 
de t e rmined  from t h e  c u r v e  shown i n  F i g u r e  B-8 .  T h i s  was 
t h e n  v a r i e d  by - t 30% and t h e  head f o r c e - d e f l e c t i o n  c u r v e s  
were a d j u s t e d  a c c o r d i n g l y  t o  r e f l e c t  a  g r e a t e r  and lesser 
head s t i f f n e s s .  These s i m u l a t i o n s  were t h e n  r u n  under  
i d e n t i c a l  c o n d i t i o n s  e x c e p t  f o r  head s t i f f n e s s  v a r i a t i o n s .  
The r e s u l t s  showed t h a t  a  60% r a n g e  o f  " e r r o r "  i n  s p e c i -  
f y i n g  e a r l y  growth c h a r a c t e r i s t i c s  produced o n l y  12-158 
r ange  o f  d i f f e r e n c e  i n  t h e  r e s p o n s e  v a l u e s .  Four o f  t h e  
i m p o r t a n t  r e s p o n s e s  a r e  summarized i n  Tab le  15 .  
Table  15  
E f f e c t s  of  Head S t i f f n e s s  V a r i a t i o n s  
on Simula ted  Responses 
Case 21 
Cond i ti ons -
Peak Head 3-msec Avg Peak Normal Peak Head 
Accel  Head Accel  . Head Force  Def 1  
-Tc";j ( G ' s )  -mjv-- Tv-- 
Low head s t i f f n e s s  337 (9 .4%)*  242 (14.5%) 3311 (8.0%) .47 (9 .3%)  
Nominal head s t i f f .  372 283 3597 .43 
H igh  head s t i f f n e s s  391 (5.1%) 282 (0.3%) 3741 (4.0%) .41 (4 .7%) 
*Percent  d i f , f e r e n c e  f r o m  nominal  va lue.  
1  I b f  = 4.448 N ; 1 i n .  = 25.4 mm 
These r e s u l t s  demonst ra te  t h a t  t h e  responses  a s  p r e d i c t e d  
by t h e  model were n o t  ex t remely  s e n s i t i v e  t o  s u b s t a n t i a l  un- 
c e r t a i n t i e s  i n  t h e  p o r t i o n  of  t h e  growth f a c t o r  cu rve  used f o r  
f i v e  of t h e  seven s i m u l a t i o n s  of  h e a d - f i r s t  impact .  To have 
conf idence  t h a t  t h e  c h i l d  s i m u l a t i o n  r e s u l t s  a r e  r easonab ly  
c l o s e  t o  r e a l - l i f e  c o n d i t i o n s ,  i t  i s  on ly  n e c e s s a r y  t o  have 
conf idence  i n  t h e  nominal a d u l t  head s t i f f n e s s  curve .  A s  
d i s c u s s e d  i n  Appendix B ,  t h i s  cu rve  i s  based on exper imenta l  
r e s u l t s ,  w i t h  l o g i c a l  m o d i f i c a t i o n s  f o r  a p p l i c a t i o n  t o  s imula-  
t i o n  of  impact .  
The s i m u l a t i o n  r e s u l t s  r e p o r t e d  t h u s  f a r  f o r  h e a d - f i r s t  
impacts  r e l a t e  t o  impacts  w i t h  r i g i d  s u r f a c e s .  However, t h e  
f i e l d  i n v e s t i g a t i o n s  showed t h a t  impacts  w i t h  non- r ig id  s u r -  
f a c e s ,  even hard-packed ground,  u s u a l l y  r e s u l t e d  i n  much less 
s e v e r e  i n j u r y .  Cases 2 ,  25,  7 9 ,  81 and 8 3  a r e  a l l  good examples 
of t h i s  t y p e  of  f a l l .  To i n v e s t i g a t e  t h e  e x t e n t  t o  which s o i l  
might m i t i g a t e  impact  e f f e c t s ,  s i m u l a t i o n s  were run  t o  c o n t r a s t  
head responses  from impacts  w i t h  r i g i d  s u r f a c e s ,  sand ,  and 
hard-packed s o i l .  The e f f e c t s  o f  impact ing  d i f f e r e n t  s u r f a c e s  
under o t h e r w i s e  i d e n t i c a l  c o n d i t i o n s  a r e  shown i n  Table 16.  
Peak a c c e l e r a t i o n s  and normal f o r c e s  a r e  reduced cons ide r -  
a b l y  by impact  wi th  even a  hard-packed s o i l ,  t h e i r  magni- 
t u d e s  be ing  on ly  about  1 /3  t o  1 / 2  o f  t h e  r i g i d - i m p a c t  v a l u e s .  
Impact w i t h  s o f t  sand reduces  t h e s e  f o r c e s  even more, t o  
15-22% of r i g i d  s u r f a c e  v a l u e s  (25-50% f o r  Case 5 9 ,  t h e  
a d u l t ) .  Head d e f l e c t i o n s  a r e  reduced s u b s t a n t i a l l y  when 
s o i l  o r  sand a r e  impacted. Head d e f l e c t i o n s  from s o i l  
impacts  a r e  on ly  about  28% of t h o s e  from r i g i d - s u r f a c e  i m -  
p a c t s ,  and when sand i s  impacted ,  head d e f l e c t i o n  v a l u e s  a r e  
on ly  1 2 %  of  r i g i d - s u r f a c e  v a l u e s .  The t ime n e c e s s a r y  t o  r each  
peak a c c e l e r a t i o n  a l s o  i n c r e a s e s  c o n s i d e r a b l y  w i t h  impacts  
t o  s o f t e r  s u r f a c e s ,  implying a lower r a t e  of o n s e t  of a c c e l -  
e r a t i o n .  F i n a l l y ,  i n e r t i a l  " s p i k i n g "  was reduced ,  s o  t h a t  
t h e  3-msec average  a c c e l e r a t i o n  was ve ry  n e a r l y  t h e  same 
magnitude a s  peak a c c e l e r a t i o n  f o r  a l l  n o n - r i g i d  impacts .  
3. Impacts  t o  Body P a r t s  Other  Than t h e  Head. A l -  
though head impacts  accounted f o r  t h e  l a r g e s t  pe rcen tage  of  
i n v e s t i g a t e d  f a l l s  ( 3 6 % )  more than  h a l f  ( 5 5 % )  o f  t h e  c a s e  
i n v e s t i g a t i o n s  invo lved  primary c o n t a c t  t o  body p a r t s  o t h e r  
than  t h e  head. I n  t h i s  p o r t i o n  of t h e  r e p o r t ,  r e s u l t s  and 
a n a l y s i s  f o r  impacts  of  t h e  back,  c h e s t ,  h i p ,  s p i n e ,  and 
e x t r e m i t i e s  a r e  p r e s e n t e d .  The d e t a i l e d  f i e l d  i n v e s t i g a t i o n  
r e s u l t s  a r e  inc luded  f o r  a l l  of  t h e s e  body p a r t s ,  fo l lowed by 
r e s u l t s  of  f e e t - f i r s t  and s i d e - f i r s t  impact  s i m u l a t i o n s .  
a .  I n v e s t i g a t e d  Cases.  The f o l l o w i n g  r e s u l t s  a r e  
p r e s e n t e d  i n  a fo rmat  s i m i l a r  t o  t h a t  used f o r  h e a d - f i r s t  
f a l l s  i n  P a r t  2a. Age, impact  s u r f a c e ,  and f a l l  h e i g h t  
v a r i a b l e s  a r e  examined f o r  t h e i r  e f f e c t  on i n j u r i e s  r e c e i v e d  
i n  impacts  t o  body p a r t s  o t h e r  than  t h e  head. 
Aqe E f f e c t s .  Table  17 c o n t a i n s  d a t a  f o r  a  
number of d i f f e r e n t  impact  c o n d i t i o n s .  The t a b l e  compares 
i n j u r i e s  r e c e i v e d  i n  r i g i d  s u r f a c e  impacts  o f  s i m i l a r  body 
Table 1 6  
H e a d  R e s p o n s e  from Impact w i t h  R i g i d  and N o n - R i g i d  Surfaces 
Msec t o  
Peak Peak 3rnsec Max Max Peak 
Case No. Body Impact Impact Head Head Avg Head Soi l  Normal 
Age Surface  (Gs) (Gs) ( G S )  Defl .  Pene t r  Force 
(in) - -  m. 
2 1 4 0 2 6 50 Rigid 372 2 .0  283 . 43  0. 3597 
3yr6mo Soi 1 I25 4 .0  121 .12 1.12 1842 
Sand 76 20.0 65 . 05  3.92 80 5 
60 Rigid 370 2 .0  279 .45 0. 3751 
Soi 1 122 4 .0  118 - 1 3  1.19 1969 
Sand 71 24.0 70 -06  4 .28 881 
8 7 5 5 28 35 Rigid 622 2.0 355 .48  0. 4774 
6y r6mo Soi 1 255 5.0 266 -11 1.17 1992 
Sand 99 17.0 ND - 04  3.58 764 
59 160 30 60 Rigid 514 2.0 ND -75  0 .  9469 
2 1 y r  Soi 1 299 16.0 280 -22 2.58 521 2 
Sand 261 44.0 210 -09  8.19 2066 
6 1 2 1 46 25 Rigid 250 2 .7  535 1.01 0 .  41 09 
l y r l  mo Soi 1 386 6 .0  364 - 2 9  1.77 2281 
Sand 163 16.0  157 -12  5.77 928 
Conversions: 1 l b  a v o i r  - .4536 kg; 1 f t / s e c  - -3048 m/sec; 1 i n  - 25.4 mm; 
1 Ib f  - 4.45 N .  
Tab le  1 7  
Injuries a s  a F u n c t i o n  of Age- 
Non-Head I m p a c t s  
Case F a l l  Impact  P r imary  
No. & H e i g h t  Su r face  Body Con tac t  P r imary  o r  Ma jo r  I n j u r i e s  
A. F a l l s  ave rag ing  1 3 ' 9 "  (4 .2  rn ) ,  o n t o  head and back ( i l l u s t r a t i n g  e f f e c t  o f  s l i g h t  
d i f f e r e n c e  i n  body p o s i t i o n  
62 2  1 3 ' 3 "  c o  bac k lhead  2 sku1 1  fxs,  severe  concus,  d u r a l  t e a r  
82 16 11 ' 10 "  as back M i l d  concus, con tus  shou lde r  and Sack 
90 19 1 4 ' 2 "  c o  back Severe concus,  f x  T-7,  p a r a p l e g i a  
91 21 1 4 ' 2 "  c o  back S k u l l  f x ,  coma, f a t a l  a f t e r  4  days 
48 33 1 5 ' 1 "  c o  bac k/head S k u l l  f x ,  f x  c e r v i c a l  v e r t e b r a ,  q u a d r i -  
u l e g i a ,  f x  femur,  f a t a l  a f t e r  54 weeks 
B. F a l l s  ave rag ing  1 2 '  ( 3 .7  m), o n t o  f e e t ,  t h e n  t o  s i t t i n g  p o s i t i o n  
89 1  1 3 ' 6 "  co s e a t  Contus b u t t o c k ,  s w o l l e n  f o o t  
38 43 1 2 ' 5 "  c o  s e a t  Compr f x  L-1,  f x  f o o t ,  f x  e lbow 
73 47 1 0 ' 7 "  as s e a t  Compr f x s  T-7, L-1 , L-2,  S-3,4,5 
(buck led  sacrum), f x  and d i s l o c  
o f  w r i s t  
19 59 1 1 '  c o  s e a t  Comur f x s  L-1 and L-4,  soreness upper 
back 
C .  F a l l s  o f  a o p r o x i m a t e l y  1 7 '  (5  m), o n t o  f e e t  
50 17 1 6 ' 6 "  co  f o o t  (one) Complex b i m a l l e o l a r  fx  a n k l e  
53 50 1 7 '  co  f e e t  Compr f x s  L-1 and L-2, f x s  w r i s t ,  knee, 
f o o t  
D. F a l l s  o f  a u p r o x i m a t e l y  22 '  ( 6 .7  m), o n t o  f e e t  
74 13 2 2 '  i c e  f e e t  Fx l e f t  t i b i a  and f i b u l a ,  r i g h t  ank le  
54 18 2 0 ' 8 "  co f e e t  Fx nose, l a c  f ace  and e x t r e m i t i e s  
63 26 2 0 ' 7 "  co f e e t  B i l a t  f x s  o f  f e e t ,  f x  p e l v i s  
55 40 2 2 ' 4 "  as f e e t  Fx p e l v i s ,  " i n t e r n a l  i n j u r i e s , "  no l e g  fx  
108 46 2 2 '  f s  f e e t  B i l a t  f x s  a n k l e s ,  compr f x  L-1 
E. F a l l s  o f  approx  18%' ( 5 . 6  m), o n t o  s i d e  o r  arm and s i d e  
35 1  1 7 ' 3 "  co  s i d e  P o s s i b l e  s p r a i n  h i p ,  b r u i s e  e l  bow 
37 4  2 0 ' 3 "  c o  s i d e  Contus and l a c  hand, no fx  
51 7  1 7 ' 3 "  c o  s i d e  Fx femur,  l o s t  3 t e e t h  
66 9 1 7 ' 3 "  c o s i d e  Fx fo rearm,  l a c  e a r  and face  
39 20 1 9 '  c o  s i d e  Compound f x  u l n a ,  f x s  r a d i u s  and elbow, 
3  f x s  p e l v i s ,  p - t h o r a x  
Notes:  
1 .  A b b r e v i a t i o n s :  For  Impact  Su r face :  co=concre te ;  as=aspha l t ;  f s = f r o z e n  s o i l  ; 
l s = l a w n  s o i l ;  i c e = t h i c k ,  r i g i d  i c e .  
For  I n j u r i e s :  f x = f r a c t u r e ;  concus=concussion;  con tus=con tus ion ;  
l a c = l a c e r a t i o n s ;  p- thorax=pneumothorax;  compr=compressi on ; 
b i l a t = b i l a t e r a l ;  d i s l o c = d i s l o c a t i o n  
2 .  F a l l  h e i g h t  d i f f e r e n c e s  w i t h i n  c a t e g o r i e s  r e p r e s e n t  l e s s  t h a n  1.3 mph 
( 2  kph) d i f f e r e n c e  i n  i n n a c t  v e l o c i t y . .  
p a r t s  f o r  p e r s o n s  o f  d i f f e r e n t  age.  I n c l u d e d  a r e  s e v e r a l  
f a l l s  i n  a  s u p i n e  o r  n e a r l y  s u p i n e  p o s i t i o n  from abou t  1 4  
f e e t  ( P a r t  A )  ; many f e e t - f i r s t  i m p a c t s  grouped a t  approx i -  
m a t e l y  1 2 ,  1 7 ,  and 2 2  f e e t  ( P a r t s  B, C ,  and D ) ;  and s e v e r a l  
s i d e - f i r s t  f a l l s  from an a v e r a g e  o f  18  f e e t  ( P a r t  E ) .  
Tab le  1 7 ,  P a r t  A ,  i l l u s t r a t e s  t h a t  v e r y  s e r i o u s  i n j u r y  
i s  l i k e l y  i f  a  p e r s o n  s t r i k e s  a  r i g i d  s u r f a c e  " f l a t  on h i s  
back . "  F i v e  s u b j e c t s  impacted  i n  t h i s  s u p i n e  p o s i t i o n  
a f t e r  f a l l i n g  a b o u t  1 4  f e e t  ( 4  m)-four were v e r y  s e r i o u s l y  
i n j u r e d .  The f i f t h - , c a s e  82- l anded  on a  s l i g h t l y  s l o p e d  
s u r f a c e  w i t h  h i s  head somewhat lower t h a n  h i s  back ,  and h e  
had o n l y  minor i n j u r i e s .  S u b j e c t s  9 0  and 9 1  p r o v i d e  a  
c o n t r a s t ,  s i n c e  t h e y  f e l l  s ide -by- s ide  under  i n d e n t i c a l  c i r -  
cumstances .  T h e i r  i n j u r i e s  were a p p a r e n t l y  v e r y  n e a r  t h e  
s u r v i v a l  l i m i t s  f o r  b o t h ,  b u t  one  s u r v i v e d  ( w i t h  
permanent impai rment )  and one  d i d  n o t .  Some age  e f f e c t s  
may be  p r e s e n t ,  s i n c e  t h e  c h i l d ,  a l t h o u g h  i n j u r e d  s e r i o u s l y ,  
was n o t  i n j u r e d  a s  c r i t i c a l l y  a s  t h e  o l d e s t  s u b j e c t s ,  two 
o f  whom d i e d .  P robab ly  more i n f l u e n t i a l  t h a n  age  f o r  t h i s  
t y p e  o f  f a l l ,  however,  a r e  s l i g h t  d i f f e r e n c e s  i n  body p o s i -  
t i o n  a t  t i m e  o f  impact .  Review o f  t h e  c a s e  summaries shows 
s l i g h t  d i f f e r e n c e s  i n  e s t i m a t e d  impact  position-some 
s u b j e c t s ,  though s u p i n e ,  p r o b a b l y  c o n t a c t e d  f i r s t  w i t h  t h e i r  
head ,  and t h e y  seemed t o  i n c u r  t h e  more s e r i o u s  i n j u r i e s .  
F a l l s  i n  which t h e  s u b j e c t  l anded  on t h e  f e e t ,  o r  i n  
a  s i t t i n g  p o s i t i o n ,  a r e  summarized i n  T a b l e  1 7 ,  P a r t s  B ,  
C ,  and D .  I t  i s  a p p a r e n t  from t h e s e  11 c a s e s  t h a t t o n  t h e  
whole ,  t h e  o l d e r  s u b j e c t s  s u f f e r e d  t h e  more s e r i o u s  i n j u r i e s .  
Compression f r a c t u r e s  o f  t h e  lumbar s p i n e  were t h e  most 
common i n j u r y  t o  p e r s o n s  o v e r  f o r t y  who f e l l  t o  a  s i t t i n g  
p o s i t i o n  a f t e r  l a n d i n g  on t h e i r  f e e t .  Both t e e n a g e r s  and 
a d u l t s  o f t e n  l anded  on t h e i r  f e e t ,  t h e n  f e l l  t o  a l l  f o u r s  
o r  t o  t h e  s i d e .  I n  t h e s e  c i r c u m s t a n c e s ,  f r a c t u r e s  o f  t h e  
lumbar s p i n e  and p e l v i s  were common among o l d e r  a d u l t s  b u t  
were n o t  s een  i n  t e e n a g e r s .  
Rathe r  f i n e  i n j u r y  v s  age  d i s t i n c t i o n s  a r e  s e e n  i n  
f i v e  f a l l s  o n t o  t h e  s i d e  f rom a b o u t  18 f e e t  ( T a b l e  1 7 ,  
P a r t  E ) .  Al though t h e  sample  s i z e  i s  s m a l l ,  t h e  a g e  group- 
i n g s  a r e  d i s t i n c t  and t h e  l e v e l s  o f  i n j u r y  i n c r e a s e  w i t h  each  
age  i n c r e a s e .  The one- and f o u r - y e a r  o l d s  r e c e i v e d  o n l y  
s l i g h t  i n j u r i e s  and no  f r a c t u r e s  when t h e y  l a n d e d  on t h e i r  
s i d e s .  O lde r  c h i l d r e n  ( a g e  7 and  9 )  had s i m p l e  f r a c t u r e s  
and o t h e r  modera te  i n j u r i e s .  The a d u l t ,  however ,  s u f f e r e d  
major  i n j u r i e s  t o  h i s  arm and p e l v i s  and may have  permanent  
impai rment  o f  w r i s t  f u n c t i o n .  
Impact  S u r f a c e  E f f e c t s .  Only l i m i t e d  d a t a  
were a v a i l a b l e  t o  c o n t r a s t  impac t  s u r f a c e  e f f e c t s  f o r  f a l l s  
o t h e r  t h a n  o n t o  t h e  head .  T a b l e  1 8 ,  P a r t  A shows two c a s e s  
o f  males  o f  t h e  same a g e  f a l l i n g  t h e  same d i s t a n c e  and 
i m p a c t i n g  d i f f e r i n g  s u r f a c e s  f e e t - f i r s t .  The one  who f e l l  
o n t o  s o i l  p i t c h e d  fo rward  and r e c e i v e d  a  c o n c u s s i o n  b u t  no  
f r a c t u r e s ;  t h e  o t h e r ,  who l a n d e d  on c o n c r e t e ,  s u f f e r e d  a  
f r a c t u r e d  a n k l e .  
T a b l e  1 8 ,  P a r t  B ,  shows t h a t  t h e  a u t o m o b i l e ,  under  
c e r t a i n  c i r c u m s t a n c e s ,  i s  a n  e x c e l l e n t  impac t  a t t e n u a t o r .  
Two c a s e  i n v e s t i g a t i o n s  i n v o l v e d  s u b j e c t s  who had l anded  on 
a u t o s  a f t e r  f a l l i n g  more t h a n  100 f e e t .  The f l a t  s t ee l  r o o f  
p a n e l s  c o l l a p s e d  and p a r t i a l l y  abso rbed  t h e  impac t  e n e r g y ,  
min imiz ing  i n j u r y .  I n  a  f a l l  o f  105 f e e t  ( 3 2  m ) ,  t h e  s u b j e c t  
i n  Case 1 l a n d e d  on h i s  back ,  c a u s i n g  7  i n c h e s  ( 1 8  c m )  o f  
permanent  r o o f  d e f o r m a t i o n ,  and walked away w i t h  v i r t u a l l y  
no i n j u r y .  The l o n g e s t  f a l l  t h a t  was i n v e s t i g a t e d  i n  which 
t h e  s u b j e c t  s u r v i v e d  was 166 f e e t  (50 .6  m ) ,  i n  which t h e  
s u b j e c t  i n  Case 1 2  l a n d e d  on t h e  r o o f  o f  a  four -door  h a r d t o p ,  
c r u s h i n g  p a r t  of  t h e  r o o f  t o  below t h e  l e v e l  o f  t h e  window- 
s i l l s .  He remained  c o n s c i o u s  and c o u l d  have l e f t  t h e  s c e n e  
w i t h o u t  a s s i s t a n c e  e x c e p t  f o r  s e v e r e  l a c e r a t i o n s  t o  h i s  l e g s  
from broken  w i n d s h i e l d  g l a s s .  A b a s i c  p r i n c i p l e  o f  c r a s h  
v i c t i m  p r o t e c t i o n  i s  t h a t  d i s s i p a t i n g  impac t  e n e r g y  o v e r  
Table 1 8  
I n j u r i e s  a s  a  Function of Impact Surface-- 
Non-Head Impacts 
Case Impact  Fa1 1  Pr imary  
No. Su r f ace  ,& He igh t  Body Contac t  -- - Pr imary  3 r  Major I n j ~ r i z s  
A .  Fa1 1 s o f  app rox ima te l y  2 5 '  (7.6 m)  , teens,  on to  f e e t  
33 1  s 19 28 ' 1 "  f e e t  Concus, back p a i n ,  f a c i a l  ab ras ions  
9 9 c o  20 25 '  f e e t  F x  ank l e  
F a l l s  on to  au tomob i les  
25 au to  hood 3  2 0 ' 8 "  head Minor  head i n j u r y ,  con tus  forehead 
1  au to  r o o f  23 105 '  back Bump on head, a n k l e  s p r a i n  
12 a l l to  r o o f  30 166 '  back M i l d  concus, f x  d i s l o c  a  r i b  
Note: 
Abb rev i a t i ons  same as Tab le  17  
long t imes  and d i s t a n c e s  w i l l  minimize d e c e l e r a t i o n  of  
t h e  impact ing  body and reduce  i n j u r y .  Th i s  p r i n c i p l e  
was d r a m a t i c a l l y  demonst ra ted  i n  t h e s e  two c a s e s .  
F a l l  Height  E f f e c t s .  The d a t a  i n  Table  1 9  
show t h e  e f f e c t s  of  i n c r e a s i n g  f a l l  d i s t a n c e  on i n j u r i e s  
f o r  pe r sons  of approximate ly  t h e  same age i n  comparable 
types  of  f a l l s .  
Nine s u b j e c t s  between t h e  ages  of  1 2  and 26 landed on 
t h e i r  f e e t  on r i g i d  s u r f a c e s  (Tab le  1 9 ,  P a r t  B ) .  These f a l l s  
ranged from 16 .5  f e e t  (5 .0  m )  t o  75.5 f e e t  (23 .0  m ) .  None 
o f  t h e  f e e t - f i r s t  f a l l s  t h a t  were i n v e s t i g a t e d  r e s u l t e d  i n  
f a t a l i t i e s ,  and f o r  f a l l  d i s t a n c e s  of  l e s s  than  30 f e e t  
( 9 . 1  m) , t h e  i n j u r i e s  tended t o  be s i rn i la r -usual ly  f r a c t u r e s  
of  one o r  b o t h  f e e t  o r  a n k l e s .  I t  may be  s i g n i f i c a n t  t h a t  
t h e  on ly  f r a c t u r e d  p e l v i s  f o r  a  f a l l  of less t h a n  30 f e e t  
was s u f f e r e d  by t h e  o l d e s t  s u b j e c t .  I n  t h e  f o u r  c a s e s  of  
f a l l s  from h e i g h t s  g r e a t e r  t h a n  30 f e e t ,  f r a c t u r e s  o f  t h e  
s p i n e  and p e l v i s  were seen  i n  a d d i t i o n  t o  f r a c t u r e s  o f  t h e  
a n k l e s  and f e e t .  The s e v e r e s t  i n j u r i e s  r e s u l t e d  from t h e  
most extreme falls-two t e e n a g e r s  who su rv ived  f a l l s  of 
more than  70 f e e t  ( 2 1  m). An 18-year  o l d  had some l i m i t e d  
n e u r o l o g i c a l  damage t h a t  was expected  t o  respond t o  t h e r a p y ;  
t h e  19-year o l d  s u f f e r e d  n e i t h e r  n e u r o l o g i c a l  damage nor  any 
l o s s  o f  consc iousness .  The b e n e f i t s  of d e c e l e r a t i n g  t h e  
body through longer  t ime  and g r e a t e r  d i s t a n c e  a r e  a p p a r e n t  
i n  f o o t - f i r s t  impacts .  The body h a s  more d e c e l e r a t i o n  d i s -  
t a n c e  when i t  impacts  f e e t - f i r s t ,  and t h e  long bones absorb  
a  l a r g e  amount of  t h e  impact  energy b e f o r e  f r a c t u r i n g .  
S i x  f a l l s  were i n v e s t i g a t e d  i n  which a d u l t s  o v e r  4 0  
y e a r s  landed o f f - b a l a n c e  on t h e i r  f e e t  and t h e n  f e l l  i m -  
med ia te ly  t o  a  s i t t i n g  p o s i t i o n  (Tab le  1 9 ,  P a r t  C )  . The 
f i v e  f a l l s  o f  g r e a t e r  than  10 f e e t  ( 3  m) i nvo lved  f r a c t u r e  
T a b l e  1 9  
I n j u r i e s  a s  a F u n c t i o n  of  F a l l  Height- 
Non-Head Impac t s  
Case F a l l  Impact  Pr imary  
No. H e i g h t  & Sur face  Body Contac t  - Primary  o r  Ma jo r  I n j u r i e s  
1. F a l l s  o f  a d u l t s ,  on to  s i d e  
52 1 2 '  45 co s i d e  Fxs w r i s t ,  humerus, oe l  v i  s  
39 19 '  20 co s i d e  Compound f x  u l na ,  f x s  r a d i u s  and e l  bow 
3 f x s  o e l v i s ,  p - t ho rax  
58 2 8 ' 3 "  20 f l a t  r o o f  s i d e  f x  p e l v i s ,  ches t  and l u n g  contus 
B. F a l l s  of  teens and young a d u l t s ,  on to  f e e t  
60 72 ' 6 "  18 i c e  
one f o o t  
f e e t  
f e e t  
f e e t  
f e e t  
f e e t  
f e e t  
f ee t  
f e e t  
Complex b ima l  l e o l a r  f x  a n k l e  
B i l a t  f x s  f e e t ,  f x  ~ e l v i s ,  r i b  cage 
i n j u r y  
Fx nose, l a c  face  81 e x t r e m i t i e s  
Fx l e f t  t i b i a  & f i b u l a ,  f x  r i g h t  ank l e  
Fx a n k l e  
Fx f o o t ,  f x  p e l v i s ,  emnhysema 
B i l a t  f x s  f e e t ,  2  f x s  t h o r a c i c  s ~ i n e ,  
f x  w r i s t  
Fxs neck, c l a v i c l e ,  p e l v i s ,  b o t h  l e g s ,  
b o t h  ank les  
B i l a t  f x s  f e e t ,  f x s  femur, p e l v i s ,  r i b ,  
p - t ho rax  
C .  F a l l s  o f  a d u l t s  ove r  40, on to  f e e t ,  then  t o  s i t t i n a  V o s i t i o n  
86 9 ' 6 "  61 as sea t  B i l a t  fxs  ank l es  and f e e t  
7 3  1 0 ' 7 "  47 as sea t  Comor f x s  T-7, L-1, L-2, S-3,4,5, f x  
and d i  s l o c  w r i s t  
19 11 '  59 co sea t  C o m ~ r  f x s  L-1 and L-4,  soreness u ~ p e r  back 
38 1 2 ' 5 "  43 co sea t  Compr f x  L-1, f x s  elbow and f o o t  
5 3  17 '  50 c o  sea t  Compr f x s  L-1 and L - 2 ,  f x s  w r i s t ,  knee, 
f o o t  
108 22 '  46 f s  sea t  Compr f x  L-1, b i l a t  f x s  ank les  
Notes : 
1. Abb rev i a t i ons  same as Tab le  17 
2. Only f a l l s  t o  r i g i d  su r f aces  a r e  i n c l u d e d  
3. One f t  = .30 m  
of  t h e  f i r s t  lumbar v e r t e b r a ,  and w r i s t  o r  elbow f r a c t u r e s  
were a l s o  common a s  t h e  s u b j e c t  t r i e d  t o  suppor t  h imsel f  
whi le  coming t o  r e s t .  Other  than  f o r  t h e  9 .5- foot  f a l l  
( t h e  s u b j e c t  a n t i c i p a t e d  i t  and was t r y i n g  t o  ba lance  him- 
s e l f ) ,  t h e  i n j u r i e s  were s i m i l a r  r e g a r d l e s s  of  f a l l  d i s t a n c e .  
There were no f a t a l i t i e s  and no d iagnosed n e u r o l o g i c a l  
i n j u r i e s  a s  a  r e s u l t  of t h e s e  f a l l s  ( a l l  s p i n a l  f r a c t u r e s  
were compression f r a c t u r e s  of  t h e  a n t e r i o r  p o r t i o n  of t h e  
v e r t e b r a l  body) .  However, each s u b j e c t  had long p e r i o d s  
of h o s p i t a l i z a t i o n  and convalescence ,  much l o s s  of  work, 
and some permanent d i s a b i l i t y .  
b. S imula t ions  of  F e e t - F i r s t  Impacts .  A s  
d e s c r i b e d  i n  Table 1 0 ,  t h r e e  o f  t h e  computer s i m u l a t i o n s  
were f o r  c a s e s  i n  which t h e  s u b j e c t  landed f e e t - f i r s t  on a  
r i g i d  s u r f a c e .  A l l  t h r e e  s u b j e c t s  were t e e n a g e r s ,  s i n c e  
n e i t h e r  of t h e  c h i l d r e n  i n  i n v e s t i g a t e d  c a s e s  who landed 
f e e t - f i r s t  s a t i s f i e d  t h e  c r i t e r i a  f o r  s i m u l a t i o n .  S imula t ion  
of  f o o t - f i r s t  impact i s  d i f f i c u l t  w i t h  t h e  IIVMA 2 - D  model, 
s i n c e  it has  o n l y  one l e g  and no j o i n t  a t  t h e  a n k l e .  Also ,  
t h e  complex r e a c t i o n s  of  a  f l e x e d  human knee under impact 
a r e  d i f f i c u l t  t o  s i m p l i f y  f o r  modeling. The t echn iques  
used t o  develop f o r c e - d e f l e c t i o n  c h a r a c t e r i s t i c s  f o r  t h e  
lower e x t r e m i t y  a r e  exp la ined  i n  Appendix B .  A s  exp la ined  
nea r  t h e  beginning of  S e c t i o n  D . 2 ,  body p a r t  fo rce -de f lec -  
t i o n  curves  used i n  t h e  s i m u l a t i o n s  do n o t  account  f o r  
f r a c t u r e .  T h e r e f o r e ,  p r e d i c t e d  peak f o r c e s  and a c c e l e r a t i o n s  
a r e  t h e  maximum t h a t  cou ld  have occur red  f o r  t h e  s u b j e c t .  
Each s i m u l a t i o n  was r e p e a t e d  f o r  d i f f e r e n t  lower-leg-to- 
impact -surface  a n g l e s  t o  account  f o r  u n c e r t a i n t i e s  i n  e x a c t  
p o s i t i o n  a t  impact .  
The r e s u l t s  of t h e  f e e t - f i r s t  impact  s i m u l a t i o n s  a r e  
shown i n  Table  2 0 .  Forces  i n  t h e  f o o t  and t h e  l e g  a c c e l e r -  
a t i o n s  of  t h e  h i p s  a r e  inc luded  i n  t h e  t a b l e .  The a x i a l  f o r c e s  
Tab le  20  
R e s u l t s  of F e e t - F i r s t  Impact S i m u l a t i o n s  
Peak 
A x i a l  
H i p  Femur Fo rces*  T i b i a  
L o w e r L e a  Peak Peak Peak Peak Fo rce*  Foot-Peak u 
Case No, Body Impac t  I m p a c t  Res. A x i a l -  A x i a l -  Shear-  a t  C o n t a c t  
W t  V e l o c i t v  A n a l e  G ' s  K n P P - K t x i ~ x  * Age 
(Ib) ( f t l s e c )  (deg )  - ( I b f )  ( I b f )  ( I b f )  [yiyy 
2 8 125 6 7 70 293 4185 6431 2809 12914 8094 
1 9yr4mo 80. 312 4796 7674 2799 14103 9236 
90 438 11196 15298 2366 19096 16062 
( knees 
1  oc  ked)  
A l l  c o n t a c t s  a r e  t o  r i g i d  s u r f a c e s ;  Responses do n o t  r e p r e s e n t  f r a c t u r e  
e f f e c t s .  
* A l l  f o r c e s  a r e  v a l u e s  f o r  one l e g .  Case 50 was a  f a l l  t o  o n l y  one l e g  - 
a1 1  i m p a c t  f o r c e s  were abso rbed  b y  one l e g .  
C o n v e r s i o n s :  1 l b  a v o i r .  = ,4536 kg;  1 f t l s e c  = , 3048  mlsec ;  1 I b f  = 4.45 N 
n o t e d  would t e n d  t o  bow t h e  l o n g  bones  and  c a u s e  bending  
o r  compress ion  f r a c t u r e s ,  w h i l e  s h e a r  f o r c e s  a t  t h e  knee 
would bend t o  d i s l o c a t e  t h e  j o i n t  o r  d e s t r o y  t h e  l i g a m e n t  
c a p s u l e .  I t  i s  a p p a r e n t  t h a t  t h e  body p o s i t i o n  a t  impac t  
s u b s t a n t i a l l y  a f f e c t s  t h e  f o r c e s  i n  t h e  l e g s .  I n  a l l  simu- 
l a t i o n s ,  a x i a l  f o r c e s  i n  t h e  f o o t ,  t i b i a  an2 femur i n c r e a s e d  
a s  t h e  s u b j e c t  l anded  w i t h  g r e a t e r  knee e x t e n s i o n .  S h e a r  
f o r c e s a l s o  f o l l o w  a  c o n s i s t e n t  p a t t e r n ,  d e c r e a s i n g  a s  t h e  
l e g  becomes s t r a i g h t e r  and t r a n s f e r s  more f o r c e  a x i a l l y  
t h rough  t h e  bones.  I n  two c a s e s ,  t h e s e  f o r c e  t r a n s f e r s  were 
a l s o  r e f l e c t e d  i n  i n c r e a s e d  h i p  a c c e l e r a t i o n .  The s imu la -  
t i o n s  d e m o n s t r a t e  t h a t  compres s ive  f o r c e s  v a r y  a l o n g  t h e  
l e n g t h  o f  t h e  l o n g  bones .  I n  e a c h  s i m u l a t i o n ,  a  q r e a t e r  
d i s t a n c e  from t h e  f o o t  c o n t a c t  p o i n t  r e s u l t s  i n  lower  f o r c e s .  
The s u b j e c t  i n  Case 50 l a n d e d  on o n l y  one  f o o t .  A 
comparison o f  h i s  r e s u l t s  a t  29 f t / s e c  w i t h  t h o s e  o f  S u b j e c t  
7 4  a t  38 f t / s e c  shows t h e  a d v a n t a g e  o f  l a n d i n g  on b o t h  f e e t .  
The t i b i a 1  f o r c e s  f o r  two l e g s  a r e  o n l y  50-608 o f  t h o s e  f o r  
one  l e g ,  d e s p i t e  t h e  f a c t  t h a t  S u b j e c t  7 4  a b s o r b e d  50% rr.ore 
k i n e t i c  ene rgy  (3000 f t - l b s  compared t o  2000 f t - l b s ) .  A c t u a l  
i n j u r i e s  t o  b o t h  o f  t h e s e  s u b j e c t s  were c o n f i n e d  t o  f r a c -  
t u r e s  o f  t h e  lower  l e g  bones  j u s t  above  t h e  a n k l e  o r  t o  
bones i n  t h e  a n k l e .  T h e r e f o r e ,  t h e  s i ~ . u l a t i o n s  i n d i c a t e  
t h a t ,  f o r  t h e s e  t e e n a g e  s u b j e c t s ,  t h e  f o r c e s  were g r e a t  
enough t o  c a u s e  f r a c t u r e  of  t h e  t i b i a  a t  t h e  a n k l e ,  b u t  n o t  
g r e a t  enough t o  f r a c t u r e  t h e  femur.  A l s o ,  t h e  p r e d i c t e d  
a c c e l e r a t i o n s  i n  t h e  h i p  were n o t  s u f f i c i e n t  t o  c a u s e  i n j u r y  
t o  t h e  p e l v i c  r e g i o n s .  The r e s u l t s  show t h a t  an a v e r a g e  o f  
5650 f t - l b s  (25 ,000  N) d i d  n o t  f r a c t u r e  t h e  femur o f  S u b j e c t  
50. The e x p l a n a t i o n  p r o b a b l y  l i e s  i n  t h e  m a t u r i t y  o f  t h e  
two s u b j e c t s .  The 13-year  o l d  (Case  7 4 )  was p r o b a b l y  s t i l l  
growing and t h e r e f o r e  had a someBhat weaker  bony s t r u c t u r e  t h a n  
t h e  17%-year  o l d  (Case  5 0 ) .  A l s o ,  though b o t h  s u b j e c t s  were 
of  s l i m  b u i l d ,  t h e  younger  one  was w e a r i n g  a p p r o x i m a t e l y  1 7  l b  
( 7 . 7  kg) o f  c l o t h i n g ,  which i s  1 4 %  o f  h i s  body w e i g h t .  T h i s  
a d d i t i o n a l  w e i g h t  may a l s o  have  caused  more s t r e s s  on t h e  
bones .  
When t h e  s u b j e c t  i n  Case  28 was i n t e r v i e w e d ,  he i n d i c a t e d  
he  had t r i e d  t o  th row h i m s e l f  fo rward  and r o l l  a s  h e  l anded .  
T h i s  t y p e  o f  movement c a n n o t  b e  s i m u l a t e d  by t h e  model ,  b u t  
t h e  impac t  v e l o c i t y  was s o  g r e a t  t h a t  t h e  i n i t i a l  few m i l l i -  
s econds  o f  s i m u l a t i o n  p r o b a b l y  produced r e a l i s t i c  r e s u l t s .  
The r e s u l t s  f o r  t h e  f a l l s  w i t h  knees  b e n t  a p p e a r  c o n s i s t e n t  
w i t h  t h e  o t h e r  two s u b j e c t s  i n  t e r m s  o f  i n j u r i e s .  T h i s  sub- 
j e c t  s u f f e r e d  f r a c t u r e s  of a  f o o t ,  t h e  lower  bones  o f  b o t h  
l e g s ,  t h e  l e f t  femur and r i g h t  h i p .  The femur a x i a l  f o r c e s  
a r e  n e a r l y  i d e n t i c a l  f o r  s u b j e c t s  50 and 28. One d i d  n o t  
s u s t a i n  i n j u r y ,  t h e  o t h e r  d i d ,  b u t  t h e s e  r e s u l t s  a r e  n o t  i n -  
c o n s i s t e n t  w i t h  t h e  c i r c u m s t a n c e s .  The l o a d i n g  d i r e c t i o n  
was d i f f e r e n t  f o r  t h e  s u b j e c t s  ( S u b j e c t  50 remained u p r i g h t  
w h i l e  S u b j e c t  28 went t o  h i s  k n e e s ) .  P r e d i c t e d  s h e a r  f o r c e s  
f o r  S u b j e c t  28 were r o u g h l y  t w i c e  t h o s e  f o r  S u b j e c t  50 ,  s o  
t h o s e  f o r c e s  were p r o b a b l y  t h e  d e t e r m i n i n g  f a c t o r  c a u s i n g  
t h e  femur f r a c t u r e .  S u b j e c t  28 s u s t a i n e d  a  p e l v i c  f r a c t u r e  
a t  t h e  h i p  j o i n t  ( p r e d i c t e d  h i p  a c c e l e r a t i o n  = 300 G )  , b u t  
t h e  o t h e r  s u b j e c t s  d i d  n o t  ( p r e d i c t e d  h i p  a c c e l e r a t i o n  = 100 G ) .  
The r e s u l t s  a l s o  d e m o n s t r a t e  t h a t  l o c k i n g  t h e  knees  would 
c a u s e  s i g n i f i c a n t l y  h i g h e r  f o r c e s  and a c c e l e r a t i o n s  t o  b e  
t r a n s m i t t e d  t h r o u g h  t h e  body. These c o u l d  b e  e x p e c t e d  t o  
c a u s e  much g r e a t e r  i n j u r y  t h a n  t h e  s u b j e c t  a c t u a l l y  r e c e i v e d ,  
s o  i t  i s  l i k e l y  t h a t  he f e l l  w i t h  b e n t  knees  and th r ew  him- 
s e l f  f o rward  a s  h e  c l a imed .  
Comparison o f  t h e  p r e d i c t e d  femur f o r c e s  w i t h  experiz- 
men ta l  r e s u l t s  i s  p o s s i b l e  u s i n g  d a t a  p u b l i s h e d  r e c e n t l y  
by Melvin and S t a l n a k e r  ( 1 9 7 6 ) .  F r e s h  c a d a v e r s  i n  a  s i t t i n g  
p o s i t i o n  were  impac ted  on t h e  p a t e l l a  s o  t h a t  t h e  f o r c e  was 
t r a n s m i t t e d  a x i a l l y  t h r o u g h  t h e  femur.  The lower  t o r s o  was 
n o t  r e s t r a i n e d .  I n  seven  e x p e r i m e n t s  an unpadded r i g i d  
s t r i k e r  was used  t o  impac t  t h e  knee.  The c a d a v e r s  were 57 
t o  74 y e a r s  o l d .  F r a c t u r e s  o f  t h e  p a t e l l a  o r  t h e  d i s t a l  
s h a f t  o f  t h e  femur o c c u r r e d  i n  f o u r  t es t s  w i t h  a x i a l  f o r c e s  
o f  4050 t o  5330 l b  (18 ,015  t o  23,720 N ) ,  a t  s t r i k e r  impac t  
v e l o c i t i e s  o f  34-38 f t / s e c .  No f r a c t u r e s  o c c u r r e d  i n  t h r e e  
tes t s  w i t h  f o r c e s  o f  3640 t o  5100 l b  (16 ,190  and 22 ,685  N )  
a t  s t r i k e r  impac t  v e l o c i t i e s  o f  27-31 f t / s e c .  Cor r e spond ing  
p r e d i c t e d  v a l u e s  f rom t h e  s i m u l a t i o n s  a r e  i n  t h e  r a n g e  o f  
6400-7600 l b  (28,500-33,800 N )  f o r  impac t  v e l o c i t i e s  o f  2 9  
and 67 f t / s e c .  No f r a c t u r e s  t y p i c a l  o f  a x i a l  l o a d i n g  were  
s e e n  i n  t h e s e  s u b j e c t s ,  s o  e i t h e r  t h e  s i m u l a t i o n  p r e d i c t i o n s  
a r e  somewhat h i g h ,  o r  t h e  t e e n a g e r s  have  s t r o n g e r  femurs  
t h a n  t h e  e l d e r l y  t e s t  s u b j e c t s ,  o r  b o t h .  
c .  S i m u l a t i o n s  o f  S i d e - F i r s t  Impac t s .  An age- 
dependent  p a t t e r n  o f  arm and p e l v i c  i n j u r y  had been  n o t e d  
i n  t h e  c a s e  i n v e s t i g a t i o n s .  S i n c e  p e l v i c  f r a c t u r e s  o f t e n  
o c c u r  i n  l a t e r a l - i m p a c t  a u t o  c r a s h e s ,  s i m u l a t i o n  o f  t h i s  
t y p e  o f  f a l l  was t h o u g h t  t o  b e  d e s i r a b l e .  Two c a s e s  were 
s e l e c t e d  f o r  s i m u l a t i o n ,  o n e  c h i l d  and one  a d u l t .  However, 
it was found t h a t  n o t  enough human b iomechan ica l  d a t a  e x i s t  
t o  a d e q u a t e l y  s i m u l a t e  a  f a l l  o n t o  an o u t s t r e t c h e d  arm w i t h  
s u b s e q u e n t  c o l l a p s e  o n t o  t h e  h i p .  Fo rce -de fo rma t ion  c h a r a c -  
t e r i s t i c s  f o r  t h e  s h o u l d e r  g i r d l e  and f o r  l a t e r a l  l o a d i n g  
of t h e  h i p  were c r i t i c a l  t o  a c c u r a t e  s i m u l a t i o n ,  and t h e s e  
were n o t  a v a i l a b l e .  A d i f f e r e n t  s i m u l a t i o n  t e c h n i q u e  was 
t h e r e f o r e  adop ted  f o r  t h e  s i d e - f i r s t  f a l l s .  A s t y l i z e d  
r e p r e s e n t a t i o n  of  a  c h i l d  (Case  66) and an  a d u l t  (Case  59) 
was deve loped .  No arms were modeled,  t h e  c h a r a c t e r i s t i c s  
o f  b o t h  l e g s  were r e p r e s e n t e d  i n  one l e g ,  and t h e  i n d i -  
v i d u a l  was p o s i t i o n e d  t o  s t r i k e  h i p  f i r s t  ( s e e  d iagram a t  
t o p  o f  T a b l e  2 1 . )  Two f a l l  h e i g h t s ,  1 0  and 30 f e e t  ( 3 . 0  
and 6 .1  m ) ,  were s i m u l a t e d  f o r  f a l l s  o n t o  r i g i d  s u r f a c e s .  
The h i p  and s h o u l d e r  c o n t a c t s  were of  p r imary  i n t e r e s t ,  
and t h o s e  r e s p o n s e s  a r e  shown i n  T a b l e  2 1 .  Hip and s h o u l d e r  
a c c e l e r a t i o n s  f o r  t h e  c h i l d  were p r e d i c t e d  t o  be  h i g h e r  t h a n  
f o r  t h e  a d u l t ,  b u t  t h e  a d u l t  had g r e a t e r  peak f o r c e s  a t  
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Case No. Body Imoact  Peak A c c e l e r a t i o n  Peak Fo rce  Peak H ~ D  
(Age) Wei h t  v e l o c i  t * ( f t / S j !  Shou lder  H i  D Shou lder  D e f l  ( G I s )  -(lbf) [in) 
Convers ions:  1 1 b = .4536 k g  1 f t / s e c  = .3048 m/sec 
1 lbf = 4.45 N 1 i n  = 2.54 crn 
both  h i p  and s h o u l d e r .  Hip a c c e l e r a t i o n s  appear  t o o  low 
i n  comparison w i t h  o t h e r  bony-s t ruc tu re  impacts  w i t h  s i m i l a r  
impact v e l o c i t y ,  such a s  h e a d - f i r s t  f a l l s .  A lso ,  t h e  h i p  
d e f l e c t i o n s  appear  t o o  large-at 2 0  f e e t ,  t h e  h i p  d e f l e c t i o n  
i s  36% of  t o t a l  h i p  b r e a d t h  f o r  t h e  c h i l d  and 2 2 %  f o r  t h e  
a d u l t .  I t  i s  l i k e l y  t h a t  t h i s  much deformat ion  would cause  
s e v e r e  p e l v i c  f r a c t u r e s ,  y e t  c h i l d  p e l v e s  were n o t  f r a c t u r e d  
i n  f a l l s  from t h i s  h e i g h t  and a d u l t s  d i d  n o t  s u s t a i n  s e v e r e  
f r a c t u r e s .  I t  i s  a p p a r e n t  t h a t  t h e  h i p  s t i f f n e s s  charac-  
t e r i s t i c s  used i n  t h e  s i m u l a t i o n s  were t o o  " s o f t . "  How- 
e v e r ,  s i n c e  t h e r e  were no a v a i l a b l e  exper imenta l  d a t a  from 
which t o  deve lop  a l o a d i n g  c u r v e ,  no f u r t h e r  ad jus tments  t o  
h i p  s t i f f n e s s  were a t t empted .  
The s h o u l d e r  c o n t a c t e d  t h e  s u r f a c e  w i t h i n  4 msec a f t e r  
i n i t i a l  h i p  c o n t a c t .  The shou lde r  t h e r e f o r e  s u s t a i n e d  a  
l a r g e  f o r c e  a lmos t  s imul taneous ly  w i t h  t h e  h i p  and may have 
been r e s p o n s i b l e  f o r  d i m i n i s h i n g  h i p  responses .  There a r e  
no known biomechanical  d a t a  from which t o  draw c o n c l u s i o n s  
abou t  t h e  accuracy  o f  t h e  s i m u l a t i o n  v a l u e s .  
Head c o n t a c t s  were no ted  i n  each of  t h e  s i m u l a t i o n s .  
The head r o t a t e d  i n t o  a  p o s i t i o n  of  extreme l a t e r a l  hyper- 
f l e x i o n  b e f o r e  c o n t a c t i n g  t h e  s u r f a c e .  U n f o r t u n a t e l y ,  an 
i n c o r r e c t  head s t i f f n e s s  c u r v e  was used f o r  t h e  c h i l d ,  s o  
no comparisons can be made r e g a r d i n g  head response .  
F i n a l l y ,  s i n c e  t h e s e  two s i m u l a t i o n s  were n o t  of a c t u a l  
c a s e s ,  t h e r e  can be  no comparison of t h e  s i m u l a t i o n s  w i t h  
observed i n j u r i e s .  The s i d e - f i r s t  s i m u l a t i o n s  were of  
i n t e r e s t  p r i m a r i l y  i n  e s t a b l i s h i n g  some of t h e  n e c e s s a r y  
parameters  t h a t  should  be developed through exper imenta t ion .  
d .  Ches t  Responses. The f o r c e - d e f l e c t i o n  
c h a r a c t e r i s t i c s  used t o  model t h e  c h e s t  were developed from 
exper imenta l  d a t a ,  s o  c h e s t  r e sponses  were of  i n t e r e s t .  
Some c h e s t  r e sponse  d a t a  were a v a i l a b l e  from t h e  head impact 
s i m u l a t i o n s ,  s i n c e  t h e  c h e s t  s u s t a i n e d  b o t h  d e c e l e r a t i o n  
f o r c e s  ( a t  i n i t i a l  head impact )  and d i r e c t  impact f o r c e s  
when t h e  s u r f a c e  was c o n t a c t e d .  Chest  impact occur red  i n  
abou t  70% of  t h e  s i m u l a t i o n s ,  t h e  e x t e n t  of  c o n t a c t  depending 
upon how v e r t i c a l  t h e  body was a t  impact  and t h e  t ime  
d u r a t i o n  of t h e  computer run.  Peak a c c e l e r a t i o n  o f  t h e  
c h e s t  ranged from about  50 G t o  1 4 0  G I  w i t h  t h e  average  a t  
about  80 G .  The h i g h e s t  a c c e l e r a t i o n s  i n  t h e  c h e s t  were 
c o n s i s t e n t l y  found t o  be a s s o c i a t e d  w i t h  head impact ,  n o t  
c h e s t  impact .  The t ime  d u r i n g  which a c c e l e r a t i o n  was 
g r e a t e r  than  50% o f  i t s  maximum v a l u e  was u s u a l l y  less than  
seven msec, a l though  i n  one c a s e  a c c e l e r a t i o n  remained above 
h a l f  t h e  maximum v a l u e  f o r  1 6  msec. When c o n t a c t  o c c u r r e d ,  
c h e s t  f o r c e s  ranged from 250-1500 pounds (1100-67,000 N), 
and remained g r e a t e r  t h a n  h a l f  of maximum v a l u e  f o r  15-40 
msec (depending on body p o s i t i o n  a t  i m p a c t ) .  Snyder (1970) 
r e p o r t s  c h e s t  t o l e r a n c e s  t o  b l u n t  f o r c e s  a t  magnitudes g r e a t e r  
than  t h o s e  s i m u l a t e d ,  and i n  f a c t ,  none of  t h e  s i m u l a t i o n  
s u b j e c t s  had s i g n i f i c a n t  t h o r a c i c  i n j u r y  a s  a  r e s u l t  of t h e i r  
f a l l s .  
E .  General  Discuss ion  
The a n a l y s i s  o f  c a s e  i n v e s t i g a t i o n  d a t a  i n d i c a t e s  t h a t  
age e f f e c t s  may b e  seen f o r  a l l  t y p e s  of  f a l l s ,  w i t h  t h e  
l e a s t  i n j u r y  v a r i a t i o n  o c c u r r i n g  i n  h e a d - f i r s t  and b a c k - f i r s t  
impacts  and t h e  g r e a t e s t  v a r i a t i o n  i n  f e e t -  and s i d e - f i r s t  
impacts .  How much t h e s e  d i f f e r e n c e s  depend on body m a t u r i t y  
and how much on body mass remains l a r g e l y  unanswered from 
t h e s e  d a t a .  S i n c e  t h e  s k u l l  bones of  c h i l d r e n  mature r a t h e r  
e a r l y  i n  l i f e ,  c h i l d  r e s p o n s e s  t o  head impact  would be  expected  
t o  be  more a d u l t - l i k e  i f  bone s t r e n g t h  were t h e  o n l y  impor tan t  
f a c t o r .  The f a c t  t h a t  a d u l t s  s t i l l  t e n d  t o  r e c e i v e  some- 
what g r e a t e r  i n j u r i e s  t h a n  c h i l d r e n  i n  s i m i l a r  h e a d - f i r s t  
f a l l s  s u g g e s t s  t h a t  t h e  i n c r e a s e d  body mass of  a d u l t s  i s  
r e s p o n s i b l e  f o r  what age e f f e c t  i s  seen  i n  h e a d - f i r s t  f a l l s .  
By c o n t r a s t ,  t e e n a g e r s  a r e  o f t e n  s i g n i f i c a n t l y  less  i n j u r e d  
t h a n  a d u l t s  i n  s i m i l a r  f e e t - f i r s t  i m p a c t s ,  y e t  t h e r e  i s  n o t  
a  g r e a t  d i f f e r e n c e  i n  body mass between t h e  two g r o u p s .  In 
t h e s e  i n s t a n c e s ,  i t  i s  p r o b a b l e  t h a t  bone m a t u r a t i o n  i s  
r e s p o n s i b l e  f o r  t h e  o b s e r v e d  a g e  e f f e c t s  on i n j u r y .  The 
bones  of  t e e n a g e r s  a r e  less b r i t t l e  t h a n  t h o s e  o f  a d u l t s  
and a r e  t h u s  b e t t e r  a b l e  t o  a b s o r b  impact  e n e r g y .  
A r e v i e w  o f  t h e  a t t e m p t s  t o  p r e d i c t  whole-body i n j u r y  on 
t h e  b a s i s  o f  f a l l  h e i g h t  shows t h a t  impac t  v e l o c i t y  can  b e  
c o r r e l a t e d  w i t h  i n j u r y  s e v e r i t y .  However, t h i s  o b s e r v a t i o n  
i s  s u b j e c t  t o  r e s t r i c t i o n s  o f  a g e  and f a l l  c i r c u m s t a n c e s .  
The l a c k  o f  r e l i a b l e  whole-body i n j u r y  p r e d i c t o r s  d e m o n s t r a t e s  
t h a t  many d e t a i l s  need t o  b e  known a b o u t  t h e  s p e c i f i c  c i r -  
cumstances  s u r r o u n d i n g  a  g roup  o f  f a l l s  b e f o r e  any p r e d i c -  
t i o n s  a b o u t  i n j u r i e s  can  b e  made. However, i t  i s  p o s s i b l e  
t o  make some g e n e r a l  s t a t e m e n t s  c o n c e r n i n g  e x p e c t e d  i n j u r i e s .  
The r e s u l t s  i n d i c a t e  t h a t  v i r t u a l l y  any h e a d - f i r s t  f a l l  of  
g r e a t e r  t h a n  10  f e e t  ( 3  m) o n t o  a  r i g i d  s u r f a c e  may b e  
e x p e c t e d  t o  c a u s e  s k u l l  f r a c t u r e  o r  c o n c u s s i o n  and i n j u r i e s  
o f  a t  l e a s t  AIS=2 f o r  a d u l t  o r  c h i l d .  N e u r o l o g i c a l  damage 
and AIS=3-4 i n j u r i e s  a r e  p r o b a b l e  i f  f a l l  h e i g h t s  exceed  a b o u t  
1 5  f e e t  ( 4 . 6  m)  f o r  c h i l d r e n  and a b o u t  10 f e e t  f o r  a d u l t s .  
Fo r  f a l l  d i s t a n c e s  o f  10 f e e t  o r  g r e a t e r ,  l a n d i n g  i n  a  s i t t i n g  
p o s i t i o n  on a  r i g i d  s u r f a c e  w i l l  p r o b a b l y  c a u s e  f r a c t u r e  o f  
t h e  lumbar s p i n e  o f  a d u l t s .  Landing on t h e  f e e t  a f t e r  f a l l -  
i n g  more t h a n  30 f e e t  ( 9 . 1  m) and l a n d i n g  on t h e  s i d e  a f t e r  
f a l l i n g  more t h a n  12 f e e t  ( 3 . 7  m) w i l l  p r o b a b l y  c a u s e  p e l v i c  
f r a c t u r e s  i n  a d u l t s  i f  a  r i g i d  s u r f a c e  i s  impac ted .  
Data  f rom t h e  p r e s e n t  s t u d y  i n d i c a t e  an uppe r  bound f o r  
c h i l d  t o l e r a n c e  f o r  h e a d - f i r s t  i m p a c t s  t o  r i g i d  s u r f a c e s  i n  
t h a t  f r a c t u r e  and/or  c o n c u s s i o n  a r e  a l m o s t  a lways  t o  b e  ex- 
p e c t e d  from f a l l s  o f  10 f e e t  o r  q r e a t e r .  For  v e r y  young 
c h i l d r e n  ( u p  t o  18 months)  a  lower  bound i n  which s k u l l  f r a c -  
t u r e  r a r e l y  o c c u r s  may b e  e s t i m a t e d  from r e c e n t  d a t a  pub- 
l i s h e d  i n  A c c i d e n t  F a c t s  ( N a t i o n a l  S a f e t y  C o u n c i l ,  1 9 7 6 ) .  
The Consumer P r o d u c t  S a f e t y  Commission (CPSC) found t h a t  
f a l l s  from h i g h  c h a i r s  r e s u l t e d  i n  f r a c t u r e s  o f  a l l  t y p e s  f o r  
o n l y  a b o u t  7  p e r c e n t  o f  7000 c h i l d r e n  who were seen  i n  
h o s p i t a l  emergency rooms. (Ha l f  o f  t h e s e  were between 7 
and 18  months o f  a g e . )  About 5200 o f  t h e s e  c h i l d r e n  s u f -  
f e r e d  head i n j u r i e s  ( n o t  n e c e s s a r i l y  f r a c t u r e s ) .  The 
most s e v e r e  f a l l  s i t u a t i o n  c i t e d  by CPSC was o f  c h i l d r e n  
s t a n d i n g  up on t h e  s e a t  and t o p p l i n g  o v e r  t h e  s i d e  [ a  f a l l  
d i s t a n c e  o f  approx ima te ly  f o u r  f e e t ] .  S i n c e  it may b e  
assumed t h a t  o n l y  t h e  more s e v e r e  c a s e s  o f  h i g h  c h a i r  f a l l s  
w i l l  r e s u l t  i n  a  h o s p i t a l  v i s i t ,  t h e s e  d a t a  s u g g e s t  t h a t  
o n l y  a v e r y  s m a l l  p e r c e n t a g e  o f  h e a d - f i r s t  f a l l s  from f o u r  
f e e t  o r  less a r e  l i k e l y  t o  c a u s e  s k u l l  f r a c t u r e  i n  v e r y  
young c h i l d r e n .  Thus,  f o r  young c h i l d r e n ,  t h e  t h r e s h o l d  f o r  
s k u l l  f r a c t u r e  r e s u l t i n g  from f r e e - f a l l s  i s  e s t i m a t e d  t o  b e  
i n  t h e  r a n g e  o f  f o u r  t o  t e n  f e e t .  
While t h e s e  g e n e r a l  o b s e r v a t i o n s  may b e  a c c u r a t e ,  c a s e  
i n v e s t i g a t i o n  d a t a  s t i l l  c a n n o t  p r o v i d e  a  means o f  q u a n t i f y i n g  
impact  t o l e r a n c e  l i m i t s  f o r  e i t h e r  modera te  i n j u r y  o r  f o r  
s u r v i v a l .  By c o n t r a s t ,  t h e  s i m u l a t i o n s  were i n t e n d e d  t o  pro-  
v i d e  p r e d i c t i o n s  o f  t h e  f o r c e ,  a c c e l e r a t i o n ,  and d e f l e c t i o n  
q u a n t i t i e s  which might  b e  produced i n  a  r i g i d  s u r f a c e  i m p a c t ,  
b u t  t h e  model c a n n o t  p r e d i c t  t h e  expec ted  i n j u r i e s .  For  t h i s  
r e a s o n ,  an  i m p o r t a n t  p a r t  o f  t h e  s i m u l a t i o n  a n a l y s i s  was 
devo ted  t o  e s t a b l i s h i n g  c o r r e l a t i o n  between t h e  p r e d i c t e d  
r e s p o n s e  v a l u e s  and t h e  obse rved  i n j u r i e s .  
The r e s u l t s  s u g g e s t  t h a t  f o r  h e a d - f i r s t  i m p a c t s ,  c h i l d r e n  
may have h i g h e r  l i m i t s  o f  s u r v i v a l  t o l e r a n c e  t h a n  a d u l t s .  
The s i m u l a t i o n  r e s u l t s  compare f a v o r a b l y  w i t h  t h e  impact  
e x p e r i e n c e  p r e s e n t e d  by Roth ( 1 9 6 7 ) ,  b u t  i n d i c a t e  t h e  s u r v i v a l  
l i m i t  f o r  i m p u l s i v e  l o a d i n g  o f  t h e  c h i l d  s k u l l  cou ld  be  above 
t h a t  s p e c i f i e d  by Roth for a d u l t s .  
The results suggest that children may also have a 
slightly higher level of tolerance for reversible injury 
(if one assumes that AIS=2-3  defines reversible injury), 
since under similar fall circumstances, children were 
usually injured less severely than adults. 
The greatest limitation in interpretation of simulation 
results was the absence of fracture prediction. Appropriate 
force-deflection data for fractures of the skull and extre- 
mities do not exist, so the simulation model could not be 
accurate in an absolute sense. However, the model did pre- 
dict response values that were in logical agreement with 
observed injuries. These simulations demonstrated that, 
with careful attention to establishing initial parameters 
and conditions, whole-body-motion models can be used 
successfully to simulate actual individual events and pre- 
dict the responses expected in those events. For simulations 
of both head-first and feet-first falls, several of the pre- 
dicted responses correlated well with injury severities to 
the degree that greater response magnitudes were associated 
with more severe observed injuries. 
Additional research is needed to establish better values 
for parameters to which the model is especially sensitive 
(such as material properties of the head, lower leg complex, 
and hip). This would increase the value of the model as 
a tool in predicting response of humans. Other research 
is also needed to develop in more detail model response 
parameters which are reliable predictors of injury, such 
as those which were explored in this Chapter. Especially 
valuable would be the establishment of loading curves which 
incorporate fracture characteristics. Success in those two 
areas of research would permit the attainment of a long- 
sought goal-the use of a model to predict. specific injuries 
under prescribed impact circumstances. 
Computerized simulations are believed to have been a 
useful method of studying free-fall impacts under a variety 
of conditions. The results were in conceptual agreement 
with published experimental data for appropriate segments 
of the population. By extension, they provided previously 
unavailable data for segments of the population for which 
there are no published data. They predicted that survived 
rigid-surface impacts involved higher forces and accelera- 
tions than were previously believed survivable. They thus 
provide the basis for indications that new human tolerance 
values may be warranted and the baseline against which new 
experimental values may be compared. 

CHAPTER 4 
SUMMARY A N D  C O N C L U S I O N S  
This study has demonstrated that the combined techniques 
of detailed investigation of selected human free-fall impacts 
and computer simulation of representative falls are an 
effective means of expanding the knowledge of human impact 
tolerance. 
Experience with the various methods used to study human 
response and tolerance has shown that volunteers, animals, 
cadavers, anthropomorphic dummies and auto crash investigat- 
ions all have distinct limitations. Free-falls, while also 
subject to limitations, are among the few impact situations 
which can at the same time be well-described in terms of con- 
ditions at impact, be effectively investigated post-impact, 
and be structured to include different segments of the pop- 
ulation (especially children) for which little tolerance 
data exist. Because some free-falls could be described in 
enough detail to provide input data for a gross-motion computer 
model, we believed that simulations of free-falls could pro- 
vide quantitative information related to human tolerance. 
Therefore, the study objectives were to identify specific 
types of free-falls, investigate them in sufficient detail 
to permit reconstruction of the fall, simulate a selected 
number of free-falls to estimate impact response, and compare 
the predicted responses with observed injuries as a means of 
estimating human tolerance levels. 
To accomplish the initial objectives, a system was 
established to obtain newspaper clippings of free-falls in 
the United States and Canada. Certain falls were selected 
from the clippings and were investigated on-site. Measure- 
ments, interview data, and injury descriptions were obtained, 
and a summary of the investigation was prepared which attempted 
to provide a reconstruction of the fall sequence and described 
the effects of the fall. 
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I n  a l l ,  2257 i n d i v i d u a l  f r e e - f a l l s  were r e p o r t e d .  
From t h e s e ,  1 1 0  f a l l s  were s e l e c t e d  f o r  i n v e s t i g a t i o n  o n - s i t e  
dur ing  t h e  course  of t h e  s tudy .  The i n v e s t i g a t e d  f a l l s  
were s e l e c t e d  according t o  s p e c i a l  c r i t e r i a  of  i n t e r e s t - -  
t h e  age and sex  of t h e  i n d i v i d u a l ,  t h e  c i rcumstances  of  t h e  
f a l l ,  and t h e  n a t u r e  o f  t h e  s u r f a c e  t h a t  was s t r u c k .  ~ i f t y -  
n i n e  o f  t h e  1 1 0  i n v e s t i g a t e d  f a l l s  ( 5 4 % )  involved c h i l d r e n  
1 2  y e a r s  o r  younger and n i n e  (11%) involved t e e n a g e r s .  The 
i n v e s t i g a t i o n s  concen t ra ted  on f a l l s  of l e s s  than  2 5  
f e e t  (7 .6  m) ( 6 8 % )  and f a l l s  on to  r i g i d  s u r f a c e s  ( 6 9 % )  . 
A l i m i t e d  number of f a l l s  were s e l e c t e d  from t h e  t o t a l  
of t h o s e  i n v e s t i g a t e d  f o r  s i m u l a t i o n  wi th  t h e  MVMA 2-D 
Crash Vict im S imula to r .  S u c c e s s f u l  s i m u l a t i o n  of l a b o r a t o r y  
f a l l s  of an ins t rumented  dummy demonstrated t h a t  t h e  model 
could  p r e d i c t  dummy responses  a c c u r a t e l y  i n  both  prone  and 
f e e t - f i r s t  f a l l s .  Twelve human f r e e - f a l l s  were then  simu- 
l a t e d  f o r  impacts  wi th  r i g i d  s u r f a c e s  ( 7  h e a d - f i r s t ,  3 f e e t -  
f i r s t  and 2 s i d e - f i r s t )  . 
Simula t ion  r e s u l t s  showed t h a t  body p o s i t i o n  a t  impact 
had l i t t l e  e f f e c t  on head response  parameters  f o r  h e a d - f i r s t  
f a l l s ,  b u t  had s u b s t a n t i a l  e f f e c t  on l e g  response  f o r  f e e t -  
f i r s t  impacts .  The magnitudes o f  head response  parameters  
such a s  peak a c c e l e r a t i o n ,  peak d e f l e c t i o n ,  and peak normal 
f o r c e  a l l  tended t o  be l a r g e r  than  t h o s e  ob ta ined  from exper-  
iments  w i t h  s u r r o g a t e s ,  and they  would probably  n o t  have been 
s u b s t a n t i a l l y  lower even i f  t h e  model had been capab le  of 
i n c l u d i n g  f r a c t u r e - r e l a t e d  l o a d i n g  e f f e c t s .  Ana lys i s  of  
some of  t h e s e  responses  compared t o  o t h e r  impact exper ience  
i n d i c a t e d  t h a t  s u r v i v a l  l i m i t s  f o r  c h i l d r e n  may be h i g h e r  
than  p r e v i o u s l y  b e l i e v e d .  For h e a d - f i r s t  impacts ,  a  number 
of  p o t e n t i a l  i n d i c a t o r s  of  i n j u r y  were examined t o  de termine  
i f  r e l a t i o n s h i p s  e x i s t e d  between p r e d i c t e d  response  v a l u e s  
and observed i n j u r i e s .  A c c e l e r a t i o n s ,  H I C ,  r a t e  of o n s e t  
of a c c e l e r a t i o n ,  and energy absorbed by t h e  head a s  a  per-  
cen tage  of  head mass were found t o  show p o s i t i v e  r e l a t i o n s h i p s  
t o  maximum head AIS.  For  f e e t - f i r s t  i m p a c t s ,  t h e  s i m u l a t i o n s  
p r e d i c t e d  f o r c e s  t h a t  were  c o n s i s t e n t  w i t h  obse rved  i n j u r i e s  
and e x p e r i m e n t a l  d a t a .  
Analyses  o f  d a t a  from t h e  r e p o r t e d  f r e e - f a l l s ,  t h e  c a s e  
i n v e s t i g a t i o n s ,  and t h e  s i m u l a t i o n s  have l e d  t o  t h e  f o l l o w i n g  
c o n c l u s i o n s :  
1) During a  one-year  p e r i o d ,  males  were r e p o r t e d  t o  
f a l l  unde r  f r e e - f a l l  c o n d i t i o n s  s i x  times a s  f r e q u e n t l y  a s  
f ema les  (1830 v s  304 f a l l s ) .  From b i r t h  t o  a g e  61 males  
were i n v o l v e d  i n  65% o f  a l l  r e p o r t e d  f r e e - f a l l s .  Dur ing  t h e  
"working y e a r s "  f rom a g e s  20-69, males  accoun ted  f o r  90% 
o f  f a l l s ,  and ma le s  were t h e  v i c t i m s  i n  99% o f  o c c u p a t i o n a l  
f a l l s .  F a l l s  r e l a t i n g  t o  o c c u p a t i o n a l  h a z a r d s  were 35.5% 
o f  a l l  f a l l s .  
Youths and young a d u l t s  ( a g e s  20-39) were i n v o l v e d  i n  
39% o f  r e p o r t e d  f r e e - f a l l s .  Youths i n  t h e  13-19 age  r a n g e  
f e l l  1 . 4  t i m e s  a s  o f t e n  a s  c h i l d r e n  i n  t h e  0-12 age  r ange .  
Young a d u l t s  (20-29) f e l l  twice a s  o f t e n  a s  c h i l d r e n .  Data 
from news r e p o r t s  i n d i c a t e d  t h a t  p e r s o n s  i n  t h e  13-29 age  
r a n g e  took  on more haza rdous  r e c r e a t i o n a l  and o c c u p a t i o n a l  
a c t i v i t i e s  and t h e r e f o r e  c o n s t i t u t e d  t h e  p o p u l a t i o n  segment 
most a t  r i s k  o f  b e i n g  i n v o l v e d  i n  a  f r e e - f a l l  a c c i d e n t .  
2) The most f r e q u e n t l y  ment ioned f a l l  h a z a r d s  f o r  young 
c h i l d r e n  were open windows and o p e n - r a i l i n g  b a l c o n i e s .  S l i d i n g  
type windows and non- load-bear ing  s c r e e n s  were found t o  b e  
p a r t i c u l a r l y  haza rdous .  These f i n d i n g s  demons t r a t ed  t h e  need 
t o  d e s i g n  new b u i l d i n g s  o r  modify o l d e r  ones  t o  p r e v e n t  f a l l s  
i f  p o s s i b l e  and minimize t h e  consequences  o f  f a l l s  i f  t h e y  do  
o c c u r .  
3)  T h i s  s t u d y  h a s  p r o v i d e d  e v i d e n c e  t h a t  c h i l d r e n  were 
i n j u r e d  less s e v e r e l y  t h a n  a d u l t s  under  s i m i l a r  impac t  con- 
d i t i o n s .  C h i l d r e n  and a d u l t s  a l s o  showed d i f f e r e n t  i n j u r y  
p a t t e r n s  unde r  s i m i l a r  f a l l  c i r c u m s t a n c e s .  C h i l d r e n  s u f f e r e d  
a  g r e a t e r  p r o p o r t i o n  of head i n j u r i e s  because  t h e y  tended  t o  
l a n d  h e a d - f i r s t  r e g a r d l e s s  o f  f a l l  d i s t a n c e  o r  p o s i t i o n  a t  
t h e  s t a r t  o f  t h e  f a l l .  A d u l t s ,  however, t ended  t o  l and  on 
t h e i r  s i d e s  o r  f e e t ,  p robab ly  because  of  a  be t t e r -deve loped  
s e n s e  of  ba l ance .  Ch i ld ren  under  12 y e a r s  were k i l l e d  i n  f r e e -  
f a l l s  o n l y  25% o f  t h e  t i m e ,  w h i l e  a d u l t s  ove r  age  50 d i e d  from 
f a l l  i n j u r i e s  65% o f  t h e  t i m e .  I n c r e a s e d  i n j u r y  s e v e r i t i e s  
among a d u l t s  were though t  t o  b e  caused  by a  combinat ion of  
i n c r e a s e d  body mass and less f l e x i b l e  bony s t r u c t u r e s .  
4 )  The f i e l d  i n v e s t i g a t i o n s  i n d i c a t e d  t h a t  body p o s i t i o n  
a t  t h e  moment of impact  had a v e r y  g r e a t  e f f e c t  on r e s u l t i n g  
i n j u r i e s .  For  s e v e r a l  n e a r l y  i d e n t i c a l  f a l l s  ( such  a s  c a s e s  
2 3 ,  70 and 8 7 ) ,  impac ts  t o  s l i g h t l y  d i f f e r e n t  a r e a s  of  t h e  
head r e s u l t e d  i n  a  r ange  o f  i n j u r i e s  from moderate  t o  f a t a l .  
However, t h e  model used f o r  t h e  s i m u l a t i o n s  p r e d i c t e d  v e r y  
l i t t l e  change i n  impact  r e s p o n s e  o v e r  a  r ange  o f  20 d e g r e e s  
d i f f e r e n c e  i n  body p o s i t i o n .  T h i s  t y p e  o f  model i s  n o t  y e t  
c a p a b l e  of a c c o u n t i n g  f o r  t h e  s u b t l e  d i f f e r e n c e s  i n  p o s i t i o n  
o r  i n t e r n a l  r e s p o n s e  t h a t  may a f f e c t  o v e r a l l  i n j u r y  p a t t e r n s .  
5) The c a s e  i n v e s t i g a t i o n s  i n d i c a t e d  t h a t  i n  f a l l s  t o  
r i g i d  s u r f a c e s  c e r t a i n  g e n e r a l  k i n d s  o f  i n j u r y  can b e  pre-  
d i c t e d  on t h e  b a s i s  of  age  and f a l l  d i s t a n c e .  V i r t u a l l y  any 
f a l l  from g r e a t e r  t h a n  10 f e e t  ( 3 . 0  m) w i t h  h e a d - f i r s t  impact  
may b e  expec ted  t o  cause  s k u l l  f r a c t u r e  f o r  a d u l t  o r  c h i l d .  
Adu l t s  l a n d i n g  i n  a  s i t t i n g  p o s i t i o n  a f t e r  f a l l i n g  from 
g r e a t e r  t h a n  10 f e e t  w i l l  a lmos t  always i n c u r  lumbar s p i n e  
, . 
f r a c t u r e s ,  e s p e c i a l l y  of  t h e  f i r s t  lumbar v e r t e b r a .  F e e t - f i r s t  
f a l l s  from g r e a t e r  t h a n  1 5  f e e t  (4 .5  m) w i l l  p robab ly  r e s u l t  
i n  l e g  and a n k l e  f r a c t u r e s ,  and i n  f a l l s  from 30 f e e t  and above 
(9 .0  m ) ,  p e l v i c  f r a c t u r e s  a r e  l i k e l y  t o  o c c u r .  S e v e r a l  
a n a l y s e s  o f  t h e  c a s e  i n v e s t i g a t i o n  d a t a  f o r  r i g i d - s u r f a c e  
impacts  r e v e a l e d  no  c o r r e l a t i o n  between s t a n d a r d  i n j u r y  s c a l e s  
( ISS and AIS) and p o t e n t i a l  i n j u r y  p r e d i c t o r s  such a s  impact  
v e l o c i t y  and k i n e t i c  energy a t  impact .  The on ly  t o l e r a n c e  
d a t a  sugges ted  by t h i s  p r e d i c t i o n  a n a l y s i s  was t h a t  s u r v i v a l  
was u n c e r t a i n  i f  more than  2500 f t - l b s  of  energy were absorbed 
i n  a  f r e e - f a l l .  A s  a  b a s i s  f o r  f u r t h e r  a n a l y s i s ,  r e sponse  
parameters  from t h e  s i m u l a t i o n s  were used.  For head impacts  
w i t h  r i g i d  s u r f a c e s ,  peak head a c c e l e r a t i o n ,  3-msec average  
head a c c e l e r a t i o n ,  H I C ,  and r a t e  of  o n s e t  o f  a c c e l e r a t i o n  a l l  
were found t o  c o r r e l a t e  r easonab ly  w e l l  w i t h  AIS o f  t h e  head. 
A n a l y s i s  of  cu rves  f i t t e d  t o  t h e s e  d a t a  sugges t  t h a t  t h e  
s u r v i v a l  l i m i t  f o r  c h i l d r e n  age 8 and younger,  a s  i n d i c a t e d  
by AIS l e v e l  5  i n j u r y ,  may be a s  h igh  a s  600 G peak a c c e l e r a t i o n  
wi th  an o n s e t  r a t e  of up t o  300,000 G/sec and a  p u l s e  d u r a t i o n  
of  up t o  3  msec. Th i s  i s  approximate ly  e q u i v a l e n t  t o  H I C  v a l u e s  
o f  up t o  1 1 , 0 0 0 .  For  some c h i l d r e n ,  t h e  c u r v e s  p r e d i c t  t h a t  
t h e  t o l e r a n c e  l i m i t  f o r  moderate t o  s e v e r e  ( b u t  r e v e r s i b l e )  
i n j u r y ,  a s  i n d i c a t e d  by AIS 2 o r  3 ,  cou ld  be a s  h igh  a s  350- 
4 0 0  G peak a c c e l e r a t i o n  w i t h  a  r a t e  of  o n s e t  of up t o  2 0 0 , 0 0 0  
G/sec f o r  up t o  3 msec p u l s e  d u r a t i o n  (approximate H I C  of 
1700-2800).  
6 )  Comparison of  s i m u l a t i o n  d a t a  w i t h  o t h e r  r e p o r t e d  
impact  exper ience  showed t h a t  c h i l d r e n  o f t e n  su rv ived  impact  
a c c e l e r a t i o n s  a t  l e v e l s  beyond t h e  e s t i m a t e d  s u r v i v a l  l i m i t s  
f o r  a d u l t s .  For  c h i l d r e n  under age 8 ,  t h i s  comparison s u p p o r t s  
a  conc lus ion  t h a t  a  c o n s t a n t  a c c e l e r a t i o n  of  up t o  350 G f o r  
2.5 - 3  msec approaches  t h e  s u r v i v a l  l i m i t  f o r  head impacts .  
No conc lus ion  about  s u r v i v a l  l i m i t s  could  be reached f o r  a d u l t s ,  
s i n c e  on ly  one a d u l t  head impact was s imula ted .  
Impact exper ience  d a t a  were t o o  l i m i t e d  t o  a l low a  con- 
c l u s i o n  about  minimum t o l e r a n c e  l e v e l s  o r  t o l e r a n c e  l e v e l s  f o r  
r e v e r s i b l e  i n j u r y .  The o b s e r v a t i o n  may be made, however, 
on t h e  b a s i s  of  CPSC d a t a ,  t h a t  f o r  c h i l d r e n  younger t h a n  
18 months, t h e  minimum t o l e r a n c e  l e v e l  f o r  r e v e r s i b l e  head 
i n j u r y  may be reached when f a l l  d i s t a n c e  i s  somewhat g r e a t e r  
than  f o u r  f e e t .  
7) Finally, the MVMA 2-D model appeared to be a 
useful tool for simulating human dynamic responses in free- 
fall impacts. The results were in conceptual agreement with 
published data and could logically be extended to include 
age groups for which there were no published data. The 
simulations also predicted higher forces and accelerations 
than were previously considered to be survivable and thus 
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APPENDIX A 
SUMMARIES OF I N D I V I D U A L  CASES 
T h i s  append ix  c o n t a i n s  a  one-page summary f o r  e a c h  o f  
t h e  1 1 0  c a s e s  t h a t  was i n v e s t i g a t e d  o n - s i t e .  The summaries 
a r e  p r e s e n t e d  i n  a  c o n s i s t e n t  f o r m a t ,  a s  d e s c r i b e d  below. 
1) The Gene ra l  Summary c o n t a i n s  a  b r i e f  d e s c r i p t i o n  o f  
t h e  most p e r t i n e n t  f a c t s  o f  t h e  c a s e .  T h i s  i n c l u d e s :  a  
d e s c r i p t i o n  o f  t h e  s u b j e c t  by s e x ,  a g e ,  h e i g h t ,  and w e i g h t ;  
t h e  measured f a l l  d i s t a n c e ;  t h e  b e g i n n i n g  and e n d i n g  p o i n t s  
o f  t h e  f a l l ;  s i g n i f i c a n t  i n j u r i e s  r e c e i v e d  i n  t h e  f a l l ;  and 
a  d e s c r i p t i o n  o f  t h e  s i t u a t i o n  l e a d i n g  t o  t h e  f a l l ,  t h e  f a l l  
s e q u e n c e ,  i n j u r i e s  r e c e i v e d ,  l e n g t h  o f  h o s p i t a l i z a t i o n  and 
d e g r e e  o f  r e c o v e r y .  
2 The F a l l  Chronology i n c l u d e s  d e t a i l s  a b o u t  t h e  p o s i t i o n  
o f  t h e  s u b j e c t  j u s t  p r i o r  t o  t h e  f a l l ,  t h e  p r o b a b l e  c o n t a c t  
sequence  f o r  v a r i o u s  p a r t s  o f  t h e  body,  t h e  s u r f a c e  t h a t  was 
impac ted ,  and  t h e  s u b j e c t ' s  p o s i t i o n  a t  r e s t .  The impact  
sequence  i s  e i t h e r  a s  obse rved  by a  w i t n e s s  o r  a s  r e c o n s t r u c t e d  
from i n t e r v i e w  d a t a  and i n j u r y  p a t t e r n s .  The s k e t c h  i n c l u d e d  
w i t h  t h e  summary shows t h e  s u b j e c t ' s  e s t i m a t e d  body o r i e n t a t i o n  
a t  t h e  s t a r t  o f  t h e  f a l l  and a t  i m p a c t ,  a s  d e t e r m i n e d  by t h e  
i n v e s t i g a t o r .  The s k e t c h  a l s o  shows t h e  f a l l  h e i g h t  measure- 
ment and t h e  t y p e  o f  c l o t h i n g  worn by t h e  s u b j e c t  a t  t h e  t i m e  
o f  t h e  f a l l .  
3 The S p e c i f i c  I n j u r i e s  summary c o n t a i n s  d e t a i l e d  i n j u r y  
i n f o r m a t i o n - - i n  most c a s e s  from t h e  h o s p i t a l  med ica l  r e c o r d s .  
The i n f o r m a t i o n  i s  g i v e n  i n  m e d i c a l / a n a t o m i c a l  terms, r a t h e r  
t h a n  i n  common usage  t e r m s ,  t o  r e f l e c t  t h e  known i n j u r i e s  a s  
a c c u r a t e l y  a s  p o s s i b l e .  
Also  i n c l u d e d  i n  t h e  I n j u r y  Summary i s  a  ser ies  o f  
codes  t o  d e s i g n a t e  t h e  i n j u r y  and i t s  s e v e r i t y .  These codes  
constitute an application of the combined Occupant Injury 
i I .' 
Code (OIC) and the Abbreviated Injury Scale (AIS) . This 
coding system is currently in use nationwide by automobile 
accident investigation teams. The code is oriented toward 
injuries caused by contact with specific objects, and each 
separate injury caused by a specific contact is coded. For 
most cases in this study, injuries are caused by contact 
with a flat rigid or semi-rigid surface. Exceptions are 
noted in the Pall Chronology. 
The OIC describes each injury by a four-letter, one- 
number code, consisting of body region (head, chest, etc), 
aspect or location (right, anterior, etc) , type of lesion 
(laceration, fracture, etc), system or organ involved 
(skeletal, heart, etc), and the appropriate AIS code for 
severity. A summary of all the OIC and AIS codes is included 
as Figure A-1, so that the reader may decode the injuries. 
Fatalities are not automatically assigned the maximum 
severity AIS value (AIS=6). Values are assigned accordinq 
to the nature of the injuries, without regard to whether 
the victim survives or not. The occurence of death is 
noted separately in the Injury Summary. 
4) The Recovery category reflects the status of the subject 
at the time of the on-site investigation. If recovery was not 
complete at the time, the prognosis for complete recovery is 
given. Recovery data is primarily based upon the subject's own 
assessment and the investigator's observations. 
"Multidisciplinary Accident Investigation File. Editinq 
Manual and Reference Information. Volume I - 1976 E d i t i n q  
Manual." Prepared for NHTSA by Highway Safety Research 
Institute, The University of Michigan, March 1976. 
2 
"The Abbreviated Injury Scale (1976 Revision) . " P r e p n r c d  
by Joint Committee on Injury Scaling of the AMA, SAII, 
and AAAM, 1976. 
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S k e l e t a l  
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A Abrasion 
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A l l  Systems i n  Region 
0 No I n j u r y  
1 Minor 
2 Moderate 
3 Severe  (Not l i f e - t h r e a t e n i n g )  
4 S e r i o u s  ( L i f e - t h r e a t e n i n g ,  s u r v i v a l  
p robab le )  
5 C r i t i c a l  ( S u r v i v a l  u n c e r t a i n )  
6 14aximum ( C u r r e n t l y  u n t r e a t a b l e )  
9 Unknown 
Occurrence o f  d e a t h  i s  noted s e p a r a t e l y .  
1 2 3 4  
ASPEC'I'  
L E S I O N  
unknown 
SYSTXM/ORGAN~ 
ABBREVIATED INJURY S C A L E -  
Figure A-1. O c c u p a n t  Injury C l a s s i f i c a t i o n  ( O I C )  Code; 
5 S o u r c e s  o f  Data r e f e r  o n l y  t o  t h o s e  s o u r c e s  from who 
u s e f u l  i n f o r m a t i o n  was o b t a i n e d .  I n  t h e  c a s e  o f  a  c h i l d  
s u b j e c t ,  t h e  " s u b j e c t "  c a t e g o r y  was checked  even  i f  t h e  
s u b j e c t  was o n l y  o b s e r v e d  and n o t  d i r e c t l y  i n t e r v i e w e d .  
" H o s p i t a l "  i s  checked o n l y  i f  t h e  m e d i c a l  r e c o r d s  o f  t h e  
f a l l  were r ev i ewed ,  t h e r e b y  imp ly ing  t h a t  a  m e d i c a l  r e l e a s e  
was s i g n e d  by o r  f o r  t h e  s u b j e c t .  O c c a s i o n a l l y ,  law e n f o r c c -  
ment a g e n c i e s  o r  o t h e r  p o t e n t i a l  s o u r c e s  were  c o n t a c t e d  b u t  
d i d  n o t  p r o v i d e  t h e  i n f o r m a t i o n .  The " P o l i c e "  c a t e g o r y  w i l l  not. 
be  checked i n  t h o s e  c a s e s .  A "newspaper"  s o u r c e  i s  c i t e d  
o n l y  i f  it i s  d i f f e r e n t  f rom t h e  c l i p p i n g  t h a t  formed t h e  
b a s i s  o f  t h e  i n v e s t i g a t i o n .  
6 The Othe r  Comments s e c t i o n  c o n t a i n s  a d d i t i o n a l  i n f o r -  
mat ion  p e r t i n e n t  t o  t h e  o n - s i t e  i n v e s t i g a t i o n  o r  fo l l ow-  
up. F a c t o r s  p r e v e n t i n g  a  comple t e  i n v e s t i g a t i o n  a r e  a l s o  
n o t e d  i n  t h i s  s e c t i o n .  
7 C a l c u l a t e d  D a t a ,  f o r  most c a s e s ,  w i l l  b e  l i m i t e d  t o  
an e s t i m a t e  o f  impac t  v e l o c i t y ,  a d j u s t e d  f o r  a i r  d r a g  a s  
3 
r e p o r t e d  by Snyde r ,  an  a s s ignmen t  o f  O v e r a l l  A b b r e v i a t e d  
I n j u r y  S c a l e  (OAIS) ,  which i s  based  on t h e  AIS d e s c r i b e d  
2 
above ,  and t h e  I n j u r y  S e v e r i t y  S c o r e ,  a  t e c h n i q u e  f o r  
1 1  , ' 1  
a s s e s s i n g  t h e  o v e r a l l  s e v e r i t y  o f  a  g roup  o f  i n j u r i e s .  
Cases  t h a t  were  u sed  f o r  computer  s i m u l a t i o n s  w i l l  have a  
s y n o p s i s  o f  t h e  d a t a  c a l c u l a t e d  f rom t h e  s i m u l a t i o n .  
3 
S n y d e r ,  R. G . ,  "Human T o l e r a n c e s  t o  Extreme Impac t s  i n  
F r e e - F a l l . "  Aerospace  Medic ine ,  Vol 34,  No 8 ,  
August  1963.  
4 Baker ,  S .  P . ,  B .  O I N e i l l ,  W .  Haddon, J r . ,  a n d  W.  B .  L o n g ,  
" I n j u r y  S e v e r i t y  S c o r e :  A Method f o r  D e s c r i b i n g  P a t i e n t s  
w i t h  M u l t i p l e  I n j u r i e s  and E v a l u a t i n g  Emergency C a r e . "  
J o u r n a l  o f  Trauma, Vol 1 4 :  187-196, 1974.  
5 Baker ,  S. P . ,  and B. O I N e i l l ,  ''The I n j u r y  S e v e r i t y  S c o r e :  
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FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 1  
SUBJECT : Male,  23 y r s ,  6 f t  ( 1 . 8  rn), 190 l b s .  ( 8 6 . 2  k g )  
FALL DISTANCE: 105 f t  ( 3 2 . 0  rn) 
ENVIRONMENT: Window w a s h e r ' s  b o s u n ' s  c h a i r  t o  c a r  r o o f  
MAJOR INJURIES: None 
SUMMARY: Window washer was i n  b o s u n ' s  c h a i r  a t  1 2 t h  f l o o r  l e v e l  o f  a p a r t m e n t  house.  Knot  
s l i p p e d ,  s u b j e c t  f e l l  f r e e  o f  c h a i r ,  105 f t . ,  and i m p a c t e d  t h e  r o o f  o f  a  p a r k e d  c a r .  ,de 
bounced o f f  t h e  r o o f  t o  t h e  c o n c r e t e  d r i v e w a y .  I n j u r i e s  were m i n o r  - a  s p r a i n e d  a n k l e  - 
and t h e  s u b j e c t  r e t u r n e d  t o  work  w a s h i n g  windows a t  t h e  same l o c a t i o n  t h e  n e x t  day.  
FALL CHRONOLOGY: S u b j e c t  was s i t t i n g  i n  b o s u n ' s  c h a i r .  When r o p e  s l i p p e d ,  he f e l l  o u t  o f  
( h a i r .  S u b j e c t  c l a i m e d  i n  newspaper i n t e r v i e w  t h a t  he pushed h i m s e l f  away f r o m  b u i l d i n g  
w i t h  h i s  f e e t .  He i m p a c t e d  t h e  r o o f  o f  a  1971 f u l l - s i z e  2 - d r  sedan, p r o b a b l y  l a n d i n g  
on h i s  b a c k .  Roo f  was p e r m a n e n t l y  d e n t e d  a b o u t  7 i n  ( 1 7 . 8  cm), 12-15 i n  (30 .5 -38 .1  cm) 
h c h i n d  w i n d s h i e l d .  
SPECIFIC INJURIES: M i n o r  head l a c e r a t i o n  [HULI-11;  s p r a i n e d  a n k l e  ( p r o b a b l y  f r o m  s t r i k i n g  
t h e  d r i v e w a y )  [QUSJ-21; p o s s i b l e  shock.  C l a i m s  t o  have f e l t  n o t h i n g  d u r i n g  t h e  i m p a c t .  
T r e a t e d  b r i e f l y  b y  a  p h y s i c i a n .  ho m e d i c a l  r e c o r d s  t o  r e v i e w .  
RECOVERY: I l l m e d i a t e  and c o m p l e t e .  R e t u r n e d  t o  work t h e  n e x t  day 
SOURCES OF DATA: SUBJECT; - PARENTS; 
POLICE; - HOSPITAL; - WITNESSES; - 
X OTHER : Apar tn len t  manager, newspaper,  -- 
A u t o  m a n u f a c t u r ~ r  
OTHER COMMENTS: Fa1 1 o c c u r r e d  a p p r o x i m a t e l y  
one y e a r  b ~ f o r e  i n v e s t i q a t i o n .  S u b j e c t  had 
l r f t  a r e a  and c o u l d  n o t  be  l o c a t e d .  News- 
pappr  a c c o u n t s  v e r y  c o v p l e t e .  Automobi  1  e  
i ~ i a n u f a c t u r ~ r  had s t u d i e d  t h i s  case  a l s o .  
CALCULATED DATA: 
IMPACT VELOCITY: 78 f t l s e c  ( 2 3 . 8  m/sec)  
OAIS: 2  
15s :  5 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 2 
SUBJECT: Female, 3 y r  1  mo, H t  and w t  unknown 
FALL DISTANCE: 17 f t  5 i n  ( 5 . 3 m )  
ENVIRONMENT: W i  ndor i s i  11 t o  damo 1  awn 
MAJOR INJURIES: L e f t  p a r i e t a l  s k u l l  f r a c t u r e  
SUMMARY: C h i l d  was p l a y i n g  w i t h  f r i e n d s ,  s i t t i n g  on  w i n d o w s i l l .  She l e a n e d  a g a i n s t  
t h e  s c r e e n ,  w h i c h  came l o o s e .  S u b j e c t  f e l l  f r o m  w i n d o w s i l l  t o  a  sodded l a w n .  
I n j u r i e s  i n c l u d e d  a  l i n e a r  f r a c t u r e  o f  t h e  l e f t  p a r i e t a l  bone and m i l d  s w e l l i n ~  
o f  l e f t  s i d e  o f  head.  H o s p i t a l i z e d  o v e r n i a h t  f o r  o b s e r v a t i o n .  A c t i n g  n e a r l y  
norma l  t h r e e  days a f t e r  f a l l .  
FALL CHRONOLOGY: S u b j e c t  f e l l  f r o m  s i t t i n g  p o s i t i o n  on w i n d o w s i l l ,  a1 t h o u g h  w h e t h e r  
f a c i n g  i n  o r  o u t  i s  unknown. She f r e e - f e l l  1 7 ' 5 " ,  l a n d i n g  p r o b a b l y  on h e r  l e f t  s i d e ,  
on a  f l a t  sodded lawn o v e r  c l a y  s o i l .  F i n a l  r e s t i n g  p o s i t i o n  was on l e f t  s i d e .  
SPECIFIC INJURIES: S u b j e c t  was i n i t i a l l y  s t u n n e d  b u t  n o t  u n c o n s c i o u s .  The on1 y 
e x t e r n a l  i n j u r y  n o t e d  was a  s l i g h t  s w e l l i n g  o v e r  l e f t  p a r i e t a l  r e g i o n  [ H L L I - 1 1 .  
T h i s  d i d  n o t  d e v e l o ~  i n t o  a  b r u i s e .  X ravs  showed a  l i n e a r  s k u l l  f r a c t u r e .  un-  
d i s p l a c e d ,  i n  t h e  lk f t  p a r i e t a l  bone p o s t e r i o r l y  [HLTS-21. Compla ined o f  neck p a i n  
[NPPM-11 . 
RECOVERY: Neck p a i n  p e r s i s t e d  a f t e r  3 days .  Recovery  a p p a r e n t l y  w i l l  be  corrrplete 
SOURCES OF DATA: - SUBJECT; 1(_ PARENTS; 
- POLICE; - X HOSPITAL; - WITNESSES; 
X OTHER: F r i e n d  a t  Scene - 
OTHER COMMENTS: F r i e n d  was n o t  d i r e c t  w i t n e s s  
b u t  a r r i v e d  on scene v e r y  q u i c k l y .  
CALCULATED DATA: 
I M P A C T  VELOCITY: 33 f t / s e c  ( lO.Orn/sec) 
M I S :  2 
I S S :  5 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 3 
SUBJECT : Female, 19 y r s ,  h e i g h t  and w e i g h t  unknown 
FALL DISTANCE: 49 f t  ( 1 4 . 9  m) 
ENVIRONMENT: F i f t h  f l o o r  f i r e  escape t o  b r i c k  pavement 
MAJOR INJURIES: " M u l t i p l e  head and body t rauma"  - f a t a l  
SUMMARY: S u b j e c t  was b a b y - s i t t i n g  2 y e a r  o l d  c h i l d  (Case 64)  when f l a m e s  f r o m  f i r e  i n  
te r ie~nen t  b u i l d i n g  f o r c e d  then1 o n t o  t h e  f i f t h  f l o o r  r e a r  f i r e  escape .  ~ i t h o u g h  a  f i r e m a n  
reached  t h e  f i r e  escape,  t h e  f i r e  escaoe c o l l a p s e d  b e f o r e  t h e  l a d d e r  c o u l d  be p o s i t i o n e d  
f o r  t h e  r e h i u c .  The s u b j e c t  f e l l  h e a d - f i r s t  o n t o  b r i c k  pavement i n  t h e  a l l e y  a t  t h e  r e a r .  
Due t o  h e r  f a l l i n a  b e h i n d  a  1 0  f t .  h i g h  f e n c e ,  no one a c t u a l l y  observed  t h e  i m o a c t .  E x a c t  
i n j u r i e s  a r e  unknown, b u t  head t rauma i s  i n d i c a t e d ,  and t h e  s u b j e c t  d i e d  s e v e r a l  h o u r s  a f t e r  
t h e  f a l l .  
FALL CHRONOLOGY: S i n c e  a  news p h o t o g r a p h e r  t o o k  4 p h o t o s  o f  t h e  f a l l  u s i n g  a m o t o r - d r i v e  
canlera, t h e  e x a c t  sequence o f  body p o s i t i o n s  p r i o r  t o  i m o a c t  was documented. I m m e d i a t e l y  
p r i o r  t o  t h e  f i r e - e s c a p e  c o l l a p s e  t h e  s u b j e c t  was c r o u c h e d  on t h e  f i r e  escape w i t h  one arm 
on t h e  r a i l  and one arm h o l d i n g  t h e  2 y e a r  o l d  c h i l d ,  who was s t a n d i n g  i n  f r o n t  o f  h e r .  As 
i t  c o l l a p s e d ,  she f e l l  f e e t  f i r s t ,  arms o v e r  head, t h e n  h e r  body r o t a t e d  so t h a t  she was 
f a l l i n g  w i t h  arms and l e g s  o u t s p r e a d ,  f a c e  downwards, pa ra1  l e l  t o  t h e  ground.  She c o n t i n u e d  
r o t d t i n y  i n t o  t h e  head f i r s t  p o s i t i o n ,  arms s ~ r e a d  o u t  ahead o f  h e r  and p resumab ly  l a n d e d  i n  
t h i s  u o s i t i o n .  
SPLCIFIC I N J U R I E S :  M u l t i p l e  head and body t rauma.  Au topsy  was p e r f o r m e d  b u t  r e p o r t  was 
o n a v a i l a b l e .  Some i n j u r i e s  may have r e s u l t e d  when f a l l i n g  c h i l d  (Case $4) l a n d e d  on h e r .  
RECOVERY : F a t a l  
SOURCES OF DATA: - SUBJECT; - PARENTS ; 1 
X POLICE; - HOSPITAL; X WITNESSES; - 
X OTHER: N c i q h b o r ,  news p h o t o g r a p h e r  I 
OTHER COMMENTS : Due t o  i n t e n s i v e  i n v e s t i g a -  
t i o r1  by  solne 15 d g e n c i e s  and p o s s i b l e  homic ide  
c.harcjes r e l a t i v e  t o  t h e  tenement  f i r e ,  i t  was 
n o t  p o 5 s i b l e  t o  o b t a i n  any o f f i c i a l  r e c o r d s .  
r f i ' o r t s  t o  c o n t a c t  s u b j e c t ' s  r e l a t i v e s  f o r  
i n t c r v i e w  were a l s o  n o t  s u c c e s s f u l .  
CALCULATED DATA: 
IMPACT VELOCITY: 54  f t / s e c  ( 1 6 . 5  m/sec )  
OAIS: 6 
ISS :  N I A  
F R E E - F A L L  STUDY CASE REPORT 
CASE NUMBER:  4 
S U B J E C T :  Female, 2 y r s ,  h e i g t ~ ? .  and w e i g h t  unknowri 
F A L L  D I S T A N C E :  49 f t  ( 1 4 . 9  m) 
ENVIRONMENT:  F i r e  escane,  p r o b a i i l y  t o  Ihody o f  s u b j e c t  i t 1  Ci17e !:3, th t 'n  t o  I , , I V ~ ~ I I I ~ ~ I I ~ .  
MAJOR I N J U R I E S :  bli i d  c o n c u s s i o n ,  p o s s i b l e  i n t e r n a l  i n j u r i e ; .  
SUMMARY: S u b j e c t  b r o u g h t  b y  b a b y s i t t e r  t o  f i r e  escape a t  r e a r  o f  a p a r t m e n t .  W i ~ i l c  5 tdn t l i nc j  
on  f i r e  escape  a w a i t i n g  r e s c u e ,  t h e  f i r e  escape c o l l a p s e d ,  and  s u b j e c t  f e l l  t o  b r i c k - p a v e d  
a l l e y  b e l o w ,  p r o b a b l y  l a n d i n g  on body  o f  b a b y s i t t e r .  She r e c e i v e d  a  m i l d  c o n c ~ ~ s s i o r ~  , l r ~ d  o t h c t ,  
" m i n o r "  i n j u r i e s .  Recovery  p r o b a b l y  c o m p l e t e .  
F A L L  CHRONOLOGY: The a c t u a l  f a l l  was documented b y  4 p h o t o s  t a k e n  b y  d news pho togr , l l~ t ie t -  11t,ir111 
a  m o t o r  d r i v e  camera. A t  t h e  c o l l a p s e  t h e  c h i l d  appeared  t o  f a l l  k a c k v ~ a r d s ,  t h e n  f c r t  f i r $ t . ,  
r i g h t  l e g  down, l e f t  l e g  o u t  t o  s i d e  ( a l m o s t  9 0 ° ) ,  and arms o u t s t r e t c h e d  t o  t h e  s i d e .  No orro 
o b s e r v e d  t h e  i m p a c t  as i t  o c c u r r e d  i n  t h e  a l l e y  on a  b r i c k  s u r f a c e  b e h i n d  a  10 f t  h i g h  f e l l ( ( > ,  
b u t  i t  i s  b e l i e v e d  t h e  c h i l d  l a n d e d  o n  t h e  body o f  t h e  b d b y s i t t e r  (Case 8 3 )  who i s  shown i n  t - t r ~ ~  
p h o t o s  t o  have l a n d e d  f i r s t .  
S P E C I F I C  I N J U R I E S :  M i l d  c o n c u s s i o n  LHUKB-21 ;  " a  few s c r a t c h e s  and b r u i s e s "  [IJULI-1 1 d n d ,  
p o s s i b l e  i n t e r n a l  i n j u r i e s .  Due t o  l a w  e n f o r c e m e n t  i n v e s t i g a t i o n ,  n o  r l i ed ica l  r e c o r d s  wc?r,v 
a v a i l a b l e .  
RECOVERY : E x t e n t  o f  any permanent  i n j u r y  unknown. 
SOURCES OF D A T A :  - S U B J E C T ;  - PARENTS;  
P O L I C E ;  - H O S P I T A L ;  - X W I T N E S S E S ;  I 
X - O T H E R :  N e i g h b o r ,  news p h o t o g r a p h e r  I 
OTHER COMMENTS: I t  was n o t  p o s s i b l e  t o  o b t a i n  
any o f f i c i a l  r e c o r d s  due t o  i n t e n s i v e  i n v e s -  
t i g a t i o n  b y  some 15 a g e n c i e s  and p o s s i b l e  
h o m i c i d e  c h a r g e s  r e l a t i v e  t o  t h e  tenement  f i r e .  
E f f o r t s  t o  c o n t a c t  t h e  s u b i e c t  o r  h e r  ino ther  
C A L C U L A T E D  D A T A :  
I M P A C T  V E L O C I T Y :  54 f t / s e c  ( 1 6 . 5  111/sec) 
O A I S :  2 
I S S :  5 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 5 
SUBJECT : Ma le ,  34 y r s ,  h e i g h t  and w e i g h t  unknown 
FALLDISTANCE: 3 6 f t  11 i n  ( 1 1 . 3 m )  
ENVIRONMENT : F l a t  r o o f  t o  s t r e e t  and c u r b i n g  
MAJOR INJURIES: B l u n t  t rauma t o  h e a r t ,  l a c e r a t i o n s  o f  s p l e e n ,  l i v e r ,  and mesen te ry .  F a t a l .  
SUMMARY: S u b j e c t  oaced a l o n g  edge o f  f l a t  r o o f  f o r  s e v e r a l  m i n u t e s ,  t h e n  f e l l  37 f e e t  t o  
s t r e e t  b e l o w .  H i s  i n j u r i e s  i n c l u d e d  l a c e r a t i o n s  o f  t h e  s p l e e n  and l i v e r ,  a  l a r g e  hematoma 
o f  t h e  s m a l l  bowel m e s e n t e r y ,  and l o s s  o f  spon taneous  c a r d i a c  and r e s p i r a t o r y  a c t i v i t y .  
The i n j u r i e s  o r o v e d  f a t a l  a f t e r  2 h o u r s .  
FALL CHRONOLOGY: S u b j e c t  s t o o d  on  l e d g e  o f  r o o f ,  f a c i n g  t h e  s t r e e t ,  w i t h  arnls o u t s t r e t c h e d .  
He f e l l  f o r w a r d  and l a n d e d ,  p r o b a b l y  f a c e  down, w i t h  h i s  head and c h e s t  i m p a c t i n g  t h e  
c o n c r e t e  s i d e w a l k  and t h e  r e m a i n d e r  o f  t h e  body i m p a c t i n g  t h e  a s p h a l t  s t r e e t .  S u b j e c t  was 
f o u n d  l y i n g  on h i s  back w i t h  h i s  head and neck  on  t h e  c u r b .  
SPECIFIC INJURIES: Immed ia te  l o s s  o f  spon taneous  c a r d i a c  a c t i v i t y ;  c a r d i o - p u l m o n a r y  
r e s u s c i t a t i o n  was begun a t  t h e  scene .  M i n i m a l  b l o o d  p r e s s u r e  r e e s t a b l i s h e d  f o r  a p p r o x i m a t e l y  
one h o u r .  No o b v i o u s  damage t o  c a r d i a c  t i s s u e  [CCLH-51 ; Smal l  l a c e r a t i o n ,  h i l u m  o f  s p l e e n  
[MLLQ-41; Smal l  l a c e r a t i o n ,  r i g h t  l o b e  o f  l i v e r  [MRLL-41; L a r g e  hematoma, m e s e n t e r y  o f  s m a l l  
i n t e s t i n e  [MILD-41 ; Suspec ted  f r a c t u r e  o f  l e f t  s c a p u l a  a t  g l e n o i d  f o s s a  [SLFS-21 . 
R E C O V E R Y :  S u b j e c t  was a1 i v e ,  t h o u g h  u n c o n s c i o u s ,  a t  scene.  H e a r t  s t o p o e d  b e a t i n g  d u r i n g  
enlergency s u r g e r y .  R e s u s c i t a t i o n  e f f o r t s  were u n s u c c e s s f u l .  S u b j e c t  e x ~ i r e d  two h o u r s  
a f t e r  f a l l .  
SOURCES OF DATA: - SUBJECT; - PARENTS; 
x POLICE; _Ij_ HOSPITAL; 2 WITNESSES; 
- OTHER: 
OTHER COMMENTS: H o s p i t a l  r e c o r d  i n d i c a t e d  
no o b v i o u s  head o r  neck  i n j u r i e s  o r  
f r a c t u r e s .  
CALCULATED DATA: 
IMPACT VELOCITY : 48 f t / s e c  (14 .6mIsec)  
OAIS: 6  
ISS:  45 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 6 
SUBJECT : Male ,  37 y r s ,  h e i g h t  and  w e i g h t  unknown 
FALL DISTANCE: 45 f t  ( 1 3 . 7  m) 
ENVIRONMENT: M ine  s h a f t  e n t r a n c e  t o  sandy b o t t o m  o f  v e r t i c a l  s h a f t  
MAJOR INJURIES: F r a c t u r e d  l e f t  r a d i u s  and  l e f t  s c a p u l a  
SUMMARY: S u b j e c t  had been s i t t i n g  on  edge o f  c l i f f ,  d r i n k i n g  a l c o h o l .  A t  a p p r o x i ~ i i a t e l y  
2 am, he s t o o d  and s l i p p e d  i n t o  a  v e r t i c a l  m i n e  s h a f t .  He f e l l  45 f e e t  l a n d i n g  on  h i s  l e f t  
s h o u l d e r  o n  t h e  sandy b o t t o m  o f  t h e  s h a f t .  He was n o t  d i s c o v e r e d  u n t i l  1 3  h o u r s  l a t e r .  l i i s  
i n j u r i e s  i n c l u d e d  f r a c t u r e s  o f  t h e  d i s t a l  l e f t  r a d i u s  and t h e  l e f t  s c a p u l a .  He was h o s p i t a l -  
i zed o v e r n i g h t .  Recovery  i s  a p p a r e n t l y  c o m p l e t e .  
FALL CHRONOLOGY: S u b j e c t  p r o b a b l y  s l i p p e d  on  l o o s e  g r a v e l  a t  edge o f  m ine  s h a f t  and s l i d  
i n t o  t h e  s h a f t  f e e t - f i r s t .  The b r u n t  o f  t ,he i m p a c t  was t a k e n  on t h e  l e f t  s h o u l d e r  and l e f t  
w r i s t .  However, t h e  b o t t o m  o f  t h e  s h a f t  was composed o f  l o o s e  sandy s o i l  and s l o p e d  a t  
a p p r o x i m a t e l y  a  30" a n g l e ,  and t h i s  p r o b a b l y  a c t e d  t o  a b s o r b  some o f  t h e  e n e r g y .  
SPECIFIC INJURIES: D i s p l a c e d  comminuted f r a c t u r e  o f  d i s t a l  l e f t  r a d i u s  [ R L F S - 3 1 ;  co~nminu ted ,  
m i n i m a l l y  d i s p l a c e d  f r a c t u r e  o f  l e f t  s c a p u l a  a t  g l e n o i d  f o s s a  [SLFS-21; l a c e r a t i o n  o f  f o r e h e a d  
[FSLI -11  ; r i g h t  a d d u c t o r  musc le  s t r a i n  [TRSM-11 . 
RECOVERY : A p p a r e n t l y  c o m p l e t e .  
SOURCES OF DATA: SUBJECT; - PARENTS; 
X POLICE; 2 HOSPITAL; - WITNESSES; 
X OTHER: Rescue squad - 
OTHER COMMENTS: A  r o a d  had  t o  be b u l l d o z e d  
t o  s h a f t  e n t r a n c e  f o r  r e s c u e  u n i t  w i n c h  
t r u c k .  Rescue t o o k  4 h o u r s .  
CALCULATED DATA: 
IMPACT VELOCITY: 52 f t l s e c  ( 1 5 . 8  m l s e c )  
0  A I S :  3  
I S S :  1 0  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 7 
SUBJECT: Male,  28  y r s  11 mo, h e i g h t  and w e i g h t  unknown 
FALL DISTANCE: Approx 147 f t  ( 4 4 . 8  m) 
ENVIRONMENT: M ic rowave  t o w e r  t o  sandy s o i  1  
MAJOR INJURIES: F r a c t u r e s  o f  r i g h t  r a d i u s  and r i g h t  p a t e l l a .  
SUMMARY: W h i l e  w o r k i n g  on ma in tenance  on  a  200 f t  ( 6 1  m) microwave t o w e r ,  t h e  s u b j e c t  f e l l  
f ront  t h e  147 f t  l e v e l ,  l a n d i n g  on g r a s s  c o v e r e d  s o i l  be low on h i s  r i g h t  knee and r i g h t  f o r e -  
arm. He s u f f e r e d  f r a c t u r e s  o f  t h e  r i g h t  r a d i u s  and r i g h t  p a t e l l a ,  and mu1 t i p l e  a b r a s i o n s  and 
c o n t u s i o n s  o f  t h e  r i g h t  c h e s t  and abdomen. He was h o s p i t a l i z e d  11 days.  He has par ti all,^ 
r e c o v e r e d ,  b u t  i s  s t i l l  i n  p h y s i c a l  t h e r a p y .  
FALL CHRONOLOGY: S u b j e c t  was c l i m b i n g  t h e  t o w e r  w i t h  h i s  s a f e t y  harness  t e m p o r a r i l y  d i s -  
connec ted  when he s l i p p e d .  W h i l e  f a l l i n g  he a t t e m p t e d  t o  r e a c h  f o r  a  s t e e l  c a b l e  w h i c h  hung 
t o  w i t h i n  20 f t  o f  t h e  g round .  He a p p a r e n t l y  m issed  t h e  c a b l e  s i n c e  he had no  b u r n s  on hands. 
I le  l a n d e d  on h i s  r i g h t  hand and r i g h t  knee,  5  f t  (1.5 m) f r o m  t h e  base o f  t h e  t o w e r .  F i v e  
weeks l a t e r ,  a  d e p r e s s i o n  was s t i l l  o b s e r v e d  t h a t  was 42 i n c h e s  l o n g ,  7  i n c h e s  w i d e  and 314 
i n c h  deep (106  x 1 8  x  2  cm) and shaped l i k e  a  b e n t  arm o r  l e g .  
SPECIFIC INJURIES: D i s p l a c e d  f r a c t u r e  o f  d i s t a l  r i g h t  r a d i u s  [RRFS-31; comminuted f r a c t u r e  
o f  r i g h t  p a t e l l a  [KRFJ-31 ; mu1 t i p l e  c o n t u s i o n s  and a b r a s i o n s  o v e r  l a t e r a l  r i g h t  s i d e  o f  
c h e s t  and abdomen [CRAI-1 , MRAI-11. 
RECOVERY: S t i l l  u n d e r g o i n g  p h y s i c a l  t h e r a p y  4  months a f t e r  f a l l .  A d d i t i o n a l  s u r g e r y  was 
d n t i c i p a t e d .  
SOURCES OF DATA:  X - SUBJECT; - PARENTS; 
X - POLICE; X - HOSPITAL; J- WITNESSES; 
X .-- OTHER: Con~pany r e p r e s e n t a t i v e s ,  w i f e ,  
n e i g h b o r  
OTHER COMMENTS: I t  r e q u i r e d  many months t o  
( r r l c e  t h e  s u b j e c t ,  s i n c e  he had r e t u r n e d  t o  
d r lo ther  s t a t e  a f t e r  r e l e a s e  f r o m  t h e  h o s p i t a l .  
CALCULATED DATA: 
IMPACT VELOCITY: 89 f t l s e c  (27 .1  m l s e c )  
0 :  3 
I S S :  10 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 8 
SUBJECT: Male, 3 y r s . ,  h e i g h t  and w e i g h t  unknown 
FALL DISTANCE: 70 f t  0  i n  ( 2 1 . 3  m) 
ENVIRONMENT: Windowsi 11 t o  g r a s s - c o v e r e d  s o i  1  
MAJOR INJURIES: F r a c t u r e  o f  l e f t  arm, f r a c t u r e d  r i b ,  c h e s t  l a c e r a t i o n  
SUMMARY: C h i l d  was p l a y i n g  b a l l  w i t h  b r o t h e r  i n  t h e i r  9 t h  f l o o r  a p a r t m e n t  r e s i d e n c e  when 
t h e  b a l l  f e l l  t h r o u g h  a  h o l e  i n  t h e  window s c r e e n .  S u b j e c t  a p p a r e n t l y  c l i m b e d  o n t o  a  
r a d i a t o r  and leaned  o u t  o f  t h e  window t o  see where t h e  b a l l  had gone. He tumb led  o u t  o f  
t h e  window some 70 f t ,  t o  t h e  g r a s s  c o v e r e d  s o i l  b e l o w .  C h i l d  was h o s p i t a l i z e d  9 days w i t h  
a f r a c t u r e d  l e f t  arm, f r a c t u r e d  r i b ,  and c h e s t  l a c e r a t i o n .  He has a p p a r e n t l y  r e c o v e r e d .  
FALL CHRONOLOGY: When t h e  b a l l  he was p l a y i n g  w i t h  f e l l  t h r o u g h  a  h o l e  i n  a  window sc reen ,  
c h i l d  c l i m b e d  o n t o  r a d i a t o r  and l e a n e d  o u t  window t o  s e a r c h  f o r  i t .  He tumb led  f r o n ~  window- 
s i l l  t o  t h e  r a i n - s o a k e d ,  g r a s s - c o v e r e d  s o i l  be low.  C h i l d  l a n d e d  on h i s  back w i t h  one arm 
( l e f t )  b e h i n d  h i m  a p p r o x i m a t e l y  5-6 f t  ( 2  m) f r o m  b u i l d i n g .  
SPECIFIC INJURIES: F r a c t u r e  l e f t  arm [XLFS-21; f r a c t u r e  r i b  [CUFS-21; c h e s t  l a c e r a t i o n  
[CULI-1 I .  
RECOVERY : Released a f t e r  9 days i n  h o s p i t a l  , a p p a r e n t l y  r e c o v e r e d .  
SOURCES OF DATA: - SUBJECT; - PARENTS; 
- POLICE; - HOSPITAL; WITNESSES; 
X OTHER: a p a r t m e n t  management - 
OTHER COMMENTS : S o i  1  impac ted  was 1  i t t e r e d  
w i t h  garbage and d e b r i s .  
CALCULATED DATA: 
IMPACT VELOCITY:  64 f t l S e C ( l 9 . 5  m l s e c )  
OAIS:  2 
ISS:  9 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 9 
SUBJECT: Ma le ,  2 y r s ,  34.5 i n  ( . 8 7  rn), 2 5  l b s  ( 1 1 . 3  k g )  
FALL DISTANCE: 10 f t  6  i n  ( 3 . 2  
ENVIRONMENT: Hay l o f t  doorway t o  811100th c o n c r e t e  
MAJOR INJURIES: M u l t i p l e  s k u l l  f r a c t u r e s ,  c o n c u s s i o n  
SUMMARY: S u b j e c t  was p l a y i n g  i n  b a r n  w h i l e  f a t h e r  was w o r k i n g .  He went  t o  an open hay  
l o f t  d o o r  and f e l l  10 l2 f e e t  t o  t h e  c o n c r e t e  c a t t l e  y a r d  benea th ,  l a n d i n g  on h i s  head. 
I l r r ton5c ious  a t  t h e  scene;  i n j u r i e s  i n c l u d e  a  l i n e a r  f r a c t u r e  o f  t h e  l e f t  p a r i e t a l  bone 
and a  d i a s t a t i c  c o r o n a l  f r a c t u r e ,  a  s m a l l  l e f t  s u b g a l e a l  p a r i e t a l  hematoma, and 
~ e r e b r a l  c o n c u s s i o n .  He was h o s p i t a l i z e d  seven days.  Recovery  i s  e s s e n t i a l l y  
c,o111p1 e t e .  
FALL CHRONOLOGY: S u b j e c t  was p r o b a b l y  i n  s t a n d i n g  p o s i t i o n ,  f a c i n g  o u t ,  i n  t h e  open 
doorway o f  t h e  h a y l o f t .  He p r o b a b l y  f e l l  f o r w a r d  o u t  o f  t h e  d o o r ,  f a l l i n g  t o  a  
s n a o t h  6 " - t h i c k  c o n c r e t e  c a t t l e  y a r d .  The y a r d  was c l e a r  o f  manure a t  t h e  t i m e .  
S u b j e c t  l a n d e d  on t o p  o f  head s l i ~ h t l y  t o  l e f t  s i d e .  
SPECIFIC INJURIES: S u b j e c t  was i n i t i a l l y  unconsc ious  and s e m i - c o n s c i o u s ,  t h e n  drowsy 
<ind i r r i t a b l e  a t  t h e  scene and f o r  f i r s t  two h o s p i t a l  days .  Xrays showed a  l i n e a r  
sku1 1  f r a c t u r e  i n  l e f t  p a r i e t a l  a r e a  and a  d i a s t a t i c  ( s e p a r a t i o n )  c o r o n a l  f r a c t u r e  
IliLFS-2,HSFS-21. N e u r o l o g i c a l  exam normal  e x c e p t  f o r  s m a l l  l e f t  s u b g a l e a l  p a r i e t a l  
helrlatonla [HLCI-11 . C e r e b r a l  c o n c u s s i o n  [HLKB-31. No o t h e r  i n j u r i e s .  
RECOVERY: M e d i c a l  r e c o r d s  i n d i c a t e  s u b j e c t  a l e r t  b y  3 r d  h o s p i t a l  day.  M o t h e r  
r r p o r t e d  o n l y  t h a t  he had " n o t  been h i m s e l f "  s i n c e  t h e  f a l l .  No m o t o r  d i f f i c u l t i e s  
ohstarved. 
SOURCES OF DATA: 2 SUBJECT; - X PARENTS ; 
- POLICE; - HOSPITAL; - WITNESSES; 
X OTHER: A t t e n d i n g  P h y s i c i a n  - 
OTHER COMMENTS: There were no  d i r e c t  w i t -  
n c s s c s ,  b u t  f a t h e r  r ~ a c h e d  s u b j e c t  w h i l e  s t i l  
r~nc n n s c i o u s .  Would n o t  s i g n  r e l e a s e ,  b u t  
a l ~ t h o r i z e d  d o c t o r  t o  r e l e a s e  i n j u r y  i n f o r -  
r i l d t ion .  
CALCULATED DATA: 
IMPACT VELOCITY: 25 f t l s e c  ( 7 . 6 m l s e c )  
1 / :  7 
( <  < . 3 , .  10 
,lC,(> w,iq sim!il a t ~ d .  Responses do n o t  a c c o u n t  
l o r .  1 r<ic t 11rc r > f  f p r t <  ( ~ e e  Chante r  3 )  
I st.. peak head a c c e l :  418-489 g ' s  
l \ t .  peak n o r ~ ~ i a l  f o r c ? :  3100-3300 l b  
(13,800-14,700N) 
I : t .  peak head d e f l r > c t i o r i :  . 4 9 - . 5 3 i n .  
( 1 . 2 4 - 1 . 3 5  cm) 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 10 
SUBJECT: Ma le ,  1  y r  8  mo, h e i g h t  and w e i g h t  unknown 
FALL DISTANCE: 97 f t ( 2 9 . 6  m) 
ENVIRONMENT: W i n d o w s i l l  o f  1 1 t h  f l o o r  bedroom t o  g round  
MAJOR INJURIES: F r a c t u r e d  r i g h t  c l a v i c l e  and l e f t  s c a p u l a ,  t h r e e  f r a c t u r e d  r i b s ,  b i l a t e r a l  
pneumothoraces,  a v u l s i o n  o f  b u t t o c k s .  
SUMMARY: C h i l d  was p l a y i n g  i n  bedroom, c l i m b e d  up on w i n d o w s i l l  and f e l l  o u t  upper  h a l f  o f  
window 14 i n c h e s  above s i l l ,  s t r i k i n g  b ranches  o f  t r e e ,  and l a n d i n g  on g r a s s  9 7  f t  be low.  
The c h i l d  was d i s c h a r g e d  a f t e r  1 5  days o f  h o s p i t a l i z a t i o n .  He has a p p a r e n t l y  r e c o v e r e d  
c o m p l e t e l y .  
FALL CHRONOLOGY: The c h i l d  c l i m b e d  on  w i d e  w i n d o w s i l l  32 i n  (81  cm) and f e l l  o u t  t o p  ha1 f 
o f  window 14 i n  ( 3 6  cm) above s i l l .  He was o b s e r v e d  b y  g r a n d f a t h e r  on g round  be low t o  h i t  
b ranches  o f  a  sma l l  t r e e  and i m p a c t  b u t t o c k s - f i r s t  on t h e  lawn.  
SPECIFIC INJURIES: A v u l s i o n  o f  s o f t  t i s s u e s  o f  b o t h  b u t t o c k s  f r o m  l u m b o s a c r a l  t o  coccyqea l  
a rea  [PPVM-31; f r a c t u r e  o f  r i g h t  c l a v i c l e  [SLFS-21; f r a c t u r e s  o f  8 t h  r i g h t  r i b ,  1 s t  and 11 t h  
l e f t  r i b s  [CBFS-31 ; b i l a t e r a l  pneumothoraces [LBO!'-4 1 ,  n o n - d i s p l a c e d  f r a c t u r e  o f  i s c t l i u n l  
[PUFS-21, 2 cni l a c e r a t i o n  of  tongue  I F I L D - 1 1 .  
RECOVERY : A ~ o a r e n t l y  c o m p l e t e .  
SOURCES OF DATA: - SUBJECT; - X PARENTS; 
X POLICE; _1(_ HOSPITAL; _1I WITNESSES; - 
X OTHER: N e i g h b o r s  - 
OTHER COMMENTS: T h i s  f a l l  o c c u r r e d  i n  a  
r o u  h  ne ighborhood .  The i n v e s t i a a t o r  was i rob  ed a t  g u n p o i n t  d u r i n g  t h i s  i n v e s t i -  
g a t i o n .  
CALCULATED DATA: 
IMPACT VELOCITY: 75  f t / s e c  ( 2 2 . 9  m/sec)  
O A I S :  4  
ISS:  29 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 11 
SUBJECT: Ma le ,  3 7  y r . ,  6  f t .  ( 1 , 8  m), 185 l b s .  ( 8 4 . 1  k g )  
FALL DISTANCE: 1900 f t .  (579  m) 
ENVIRONMENT: A i r p l a n e  t o  f r e s h l y  p lowed f i e l d  
MAJOR INJURIES: F a t a l  - f r a c t u r e d  neck .  
SUMMARY: S u b j e c t  was s k y d i v i n g  and h i s  p a r a c h u t e  d i d n ' t  open. He f e l l  1900 f e e t  o n t o  a  
f r e s h l y  p lowed f i e l d  o f  t h i c k  t o p s o i l ,  l a n d i n g  on h i s  f e e t .  S u b j e c t  was f a t a l l y  i n j u r e d  
d t  i m p a c t .  
FALL CHRONOLOGY: S u b j e c t  a p p a r e n t l y  was i n  a  s t a n d i n g  p o s i t i o n  as he descended t o  a  
w r y  i r r e g u l a r ,  f r e s h l y  p lowed f i e l d  o f  t o p s o i l .  S u b j e c t  l a n d e d  i n  a  s t a n d i n g  p o s i t i o n  
w i t h  h i s  l e f t  b o o t ,  h e l m e t ,  r i g h t  l e g  and body l e a v i n g  v e r y  d i s t i n c t  i m p r e s s i o n s  i n  t h e  
s o i l  i n  t h e  f i n a l  r e s t i n o  p o s i t i o n .  H i s  i m p a c t  c r e a t e d  a  r o u q h l y  c i r c u l a r  and n e a r l y  u n i -  
fot.ll~ depression appro rim at el;^ 4 f t  ( 1 . 2  m) d i a m e t e r  and 9-10 i n  (22-25  cm) deep i n  t h e  s o f t  
s o i l .  
SPECIFIC INJURIES: S u b j e c t  r e c e i v e d  f a t a l  i n j u r i e s .  The m e d i c a l  examiner  1  i s t e d  p r o b a b l e  
cdusc o f  d e a t h  as a  f r a c t u r e d  neck [NPFV-61. L e f t  upper  and l o w e r  l e g s  were c o m p l e t e l y  
s h a t t e r e d  [TBFS-4;LBFS-41. Head was n o t  deformed, as jumper was w e a r i n g  h e l m e t ,  b u t  
b l o o d  n o t e d  f r o m  nose  and l e f t  e a r .  P o s s i b l y  r i g h t  h i p  b r o k e n .  
RECOVERY : r a t a l  . 
SOURCES OF DATA: - SUBJECT; - PARENTS ; 
x POLICE; HOSPITAL; - WITNESSES; - - 
X OTHER: M e d i c a l  Examiner  -- 
OTHER COMMENTS: T h i s  was p a r a c h u t i s t ' s  f i r s t  
j r l i 1 1 1 l .  Chute s t r e a m e r  c a r e  o u t ,  b u t  s l e e v e  
snncjqed and t h e r e  was no p a r a c h u t e  deployment  
l h c  r e s e r v e  c h u t e  was n o t  dep loyed .  No 
n ~ c d i c a l  r e l e a s e  was s o u g h t .  
CALCULATED DATA: 
IMPACT VELOCITY: * 
OAIS : 6 
ISS:  N / A  
* I ' r o b d b l y  te rn l ina  1 v e l o c i t y ,  a1 thouoh  
t h e r e  was a  s t r e a m e r  f r o m  t h e  main c h u t e  
wh ich  [nay have s lowed t h e  d e s c e n t .  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 12 
SUBJECT: Male,  30 y r ,  approx  6  ft 4 i n  ( 1 . 9 3  m),  w e i g h t  unknown 
FALL DISTANCE: 166 f t  ( 5 0 . 6  m) 
ENVIRONMENT: 14 t h  f l o o r  w i n d o w s i l l  t o  r o o f  o f  p a r k e d  c a r  
MAJOR INJURIES: M i l d  concuss ion ,  c o n t u s e d  k i d n e y ,  f r a c t u r e d  r i b ,  s e v e r e  l e g  l a c e r a t i o n .  
SUMMARY: S u b j e c t  c l i m b e d  o n t o  w i n d o w s i l l  a t  1 4 t h  f l o o r  l e v e l  o f  o f f i c e  b u i l d i n g .  I n  an 
a t t e m p t e d  s u i c i d e ,  he  jumped o f f  t h e  s i l l ,  f e l l  166 f e e t ,  and landed ,  b a c k - f i r s t ,  c r o s s w i s ~  or1 
a  parked  a u t o m o b i l e .  The r o o f  c o l l a p s e d  and t h e  s u b j e c t  became wedged i n  t h e  w i n d s h i e l d  o l ~ e n -  
i n g .  He was s t u n n e d  and s u s t a i n e d  a  s e v e r e  l a c e r a t i o n  t o  h i s  l e f t  t h i g h ,  a  f r a c t u r e d  4 t h  
r i g h t  r i b ,  a  k i d n e y  c o n t u s i o n ,  and a b r a s i o n s  o f  h i s  back .  Leng th  o f  h o s p i t a l i z a t i o n  and 
degree  o f  r e c o v e r y  a r e  unknown. 
FALL CHRONOLOGY: S u b j e c t  s t o o d  on a  nar row l e d g e  o u t s i d e  h i s  1 4 t h  f l o o r  o f f i c e  window, f a c i n q  
ou tward ,  and jumped. He impac ted  t h e  r o o f  o f  a  f o u r - d o o r  h a r d t o p  sedan, j u s t  b e h i n d  t h e  t o p  
o f  t h e  w i n d s h i e l d  and 12 i n  ( 3 0  cm) r i g h t  o f  c e n t e r .  A t  i m p a c t ,  h i s  body was c r o s s w i s e  t o  t.t~c 
a u t o ,  s u p i n e  and s l i g h t l y  b u t t o c k s - d o w n .  The r o o f  and w i n d s h i e l d  c o l l a p s e d  and t h e  s u b j e c t  
passed t h r o u g h  t h e  w i n d s h i e l d  open ing ,  c r u s h e d  t h e  i n s t r u m e n t  p a n e l ,  and came t o  r e s t  wedqed 
i n  t h e  f r o n t  s e a t ,  w i t h  h i s  l e g s  d a n g l i n g  o v e r  t h e  w i n d o w s i l l  o f  t h e  r i g h t  f r o n t  d o o r .  
SPECIFIC INJURIES: Stunned, p o s s i b l e  m i l d  c o n c u s s i o n  [HPKB-21, deep l a c e r a t i o n  o f  s o f t  t i s s u e  
o f  l e f t  t h i g h ,  w i t h  l i g a m e n t  damage b e h i n d  knee [TLL I -21 ;  d i s p l a c e d  f r a c t u r e ,  w i t h  d i s l o c a t , i o n ,  
of  4 t h  r i g h t  r i b  [CRFS-31; r e t r o p e r i  t o n e a l  hemorrhage,  mi  1  d  k i d n e y  c o n t u s i o n  [MVHD-3 ,  MUCK-3.1 
l a c e r a t i o n  o f  tendon  i n  r i g h t  thumb [WRLI-11; s u p e r f i c i a l  g l a s s  a b r a s i o n s  and ecchymosis ov (> r  
e n t i  r e  back [BWAI-11. 
RECOVERY: Unknown, b u t  p h y s i c i a n  a n t i c i p a t e d  no c o m p l i c a t i o n s  
SOURCES OF DATA: - SUBJECT; - PARENTS; 
- POLICE; - HOSPITAL; WITNESSES; I 
OTHER: O f f i c e  b u i l d i n g  s e c u r i t y ,  owner o f  
a u i o ,  p h y s i c i a n s ,  f i r e  d e p t  r e s c u e ,  newspaper 
OTHER COMMENTS: G r e a t e s t  r o o f  c r u s h  was 18 i n  
( 4 5  cm), t o p  o f  r i g h t  "A" p i l l a r  was deformec 
t o  be low w i n d o w s i l l  s ,  i n s t r u m e n t  pane l  had 1 "  
( 2 . 5  cm) c r u s h .  S t e e r i n g  assembly was b e n t  
downward. Head and b u t t o c k s  made d e p r e s s i o n s  
i n  r o o f ,  shoe h e e l s  d e n t e d  r i g h t  c a r  d o o r s .  
CALCULATED DATA: 
IMPACT VELOCITY: 95 f t j s e c  ( 2 8 . 6  m j s e c )  
O A I S :  3 
ISS:  22  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 13 
SUBJECT: Ma le ,  62 y r s  4 mo, h e i g h t  and  w e i g h t  unknown 
FALL DISTANCE: 44 f t  ( 1 3 . 4  m) w i t h  p a r t i a l  i n t e r m e d i a t e  c o n t a c t  a f t e r  26 f t  ( 7 . 9  m) 
ENVIRONMENT: Top o f  g r a i n  e l e v a t o r  t o w e r  t o  wooden p l a t f o r m  
MAJOR INJURIES: Severe c o n c u s s i o n ,  i n t e r n a l  i n j u r i e s ,  f r a c t u r e s  o f  f a c i a l  bones,  p e l v i s  
and l o w e r  l e g .  F a t a l .  
SUMMARY: S u b j e c t  was f r e e i n g  m o t o r  d r i v e  b e l t  a t  t o p  o f  t o w e r .  He l o s t  b a l a n c e  and  f e l l  o f f  
t h e  l a d d e r ,  i m p a c t i n g  h i s  f a c e  on t h e  edge o f  a  shed  r o o f  and l a n d i n g  on a  wooden p l a t f o r m  
a t  t h e  base o f  t h e  t o w e r .  He h a d  m u l t i p l e  f a c i a l  l a c e r a t i o n s ,  a  b a s i l a r  s k u l l  f r a c t u r e ,  
r e n a l  c o n t u s i o n ,  r u p t u r e d  s p l e e n ,  and f r a c t u r e s  o f  f a c i a l  bones and t h e  nose,  l e f t  p e l v i s ,  
l e f t  t i b i a  and l e f t  f i b u l a .  He rema ined  comatose u n t i l  he d i e d  s i x  weeks l a t e r .  
FALL CHRONOLOG~: S u b j e c t  p r o b a b l y  f e l l  back away f r o m  t o p  o f  t o w e r  and r o t a t e d  as he  f e l l .  He 
h i t  u n s u p p o r t e d  overhang  o f  c o r r u g a t e d  s t e e l  shed r o o f  1 8  f t  ( 5 . 5  in) above p l a t f o r m ,  the t i  
l a n d e d  on wooden p l a t f o r n i  [ b o a r d s  6 i n .  w i d e  b y  Z1, i n  t h i c k  ( 1 5  x  6 cm)] i m p a c t i n g  f i r s t  w i t h  
h i s  l e f t  l e g .  He came t o  r e s t  i n  s u p i n e  p o s i t i o n  on  p l a t f o r m .  
SPECIFIC INJURIES: P r o b a b l e  b a s i l a r  s k u l l  f r a c t u r e ,  w i t h  s e v e r e  c e r e b r a l  c o n c u s s i o n  and sub-  
d u r a l  henlatoma IHWKB-51; f r a c t u r e s  o f  l e f t  zygoma, l a t e r a l  w a l l  o f  l e f t  o r b i t  ( d i s p l a c e d ) ,  and 
nose [FLFS-3, FCFR-21; c o n t u s i o n  o f  l e f t  l u n g  [CLCP-31; r u p t u r e d  s p l e e n  [MLRQ-41; s e v e r e  
b i l a t e r a l  r e t r o p e r i t o n e a l  hemorrhage [MBHD-51; f r a c t u r e  o f  l e f t  p u b i s  [PAFS-21; 3  f r a c t u r e s  
o f  l e f t  t i b i a  (one  commi nu ted) ,  f r a c t u r e  l e f t  f i b u l a  [LLFS-31; s e v e r e  f a c i a l  l a c e r a t i o n s  [ F C L I - 2 1  
RECOVERY: Remained i n  coma c o n t i n u o u s l y  and e x p i r e d  s i x  weeks a f t e r  f a l l  
SOURCES OF DATA: SUBJECT; - PARENTS; 
X - POLICE; - X HOSPITAL; - WITNESSES; 
X OTHER: Son, f i r e  d e p a r t m e n t  ~- 
OTHER COMMENTS : 
CALCULATED DATA: 
IMPACT VELOCITY: 52 f t / s e c  ( 1 5 . 8  m/sec)  
OATS: 5 
ISS:  59 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 14 
SUBJECT: Male,  3  y r s  8 mo, 3 f t  4  i n  (1.02 m), 36 l b s  ( 1 6 . 3  k g )  
FALL DISTANCE: 74 f t  8 i n  ( 2 2 . 8  m) 
ENVIRONMENT: 9 t h  f l o o r  bedroom window t o  s m a l l  bushes and s o i l  
MAJOR INJURIES: F r a c t u r e d  r i g h t  femur ,  f r a c t u r e d  r i g h t  arm 
SUMMARY: C h i l d  c l i m b e d  o n t o  r a d i a t o r ,  pushed o u t  s c r e e n  and f e l l  n i n e  s t o r i e s .  He l a n d e d  
on bushes and s o f t  s o i l .  He d i d  n o t  l o s e  c o n s c i o u s n e s s ,  and was o b s e r v e d  b y  m o t h e r  t o  be 
c r a w l i n g  on  a l l  f o u r s  i m n e d i a t e l y  a f t e r  t h e  f a l l .  He was h o s p i t a l i z e d  a b o u t  6  weeks w i t h  a  
f r a c t u r e d  r i g h t  arm and l e g ,  and has a o ~ a r e n t l y  c o m p l e t e l y  r e c o v e r e d .  
FALL CHRONOLOGY: S u b j e c t  r e ~ o r t e d  b y  m o t h e r  t o  have c l i m b e d  o n t o  r a d i a t o r  t o  window s i l l  and 
~ u s h e d  o u t  sc reen .  He f e l l  s t r a i g h t  down f rom window, t h r o u g h  some 30 i n  (76  cm) j u n i p e r  
bushes, t o  s o i l  w h i c h  was a  r a i n - s o a k e d  m i x t u r e  o f  e a r t h  and g r a v e l .  He l a n d e d  on h i s  r i g h t  
s i d e ,  a b o u t  3  f t  ( - 9  m) f r o m  b u i l d i n g .  Remnants o f  a  d e p r e s s i o n  8 i n  ( 2 0  cm) l o n g  and 24 i n  
(61  cm) w i d e  were p r e s e n t  i n  t h e  s o i l .  
SPECIFIC INJURIES: F r a c t u r e d  r i g h t  femur  [TRFS-21; f r a c t u r e d  r i g h t  "arm" [XRFS-21, c o n t u s e d  
r i g h t  eye [FRCE-1 I ; c o n c u s s i o n  [HUKB-21. 
RECOVERY : A ~ ~ a r e n t l y  c o m p l e t e  
SOURCES OF DATA: X SUBJECT; - X PARENTS; 
X POLICE; HOSPITAL; - WITNESSES; - - 
- OTHER : 
OTHER COMMENTS: Case i n  1  i t i g a t i o n ;  
m e d i c a l  r e l e a s e  u n a v a i l a b l e .  
CALCULATED DATA: 
IMPACT VELOCITY:  66 f t / s e c  (20 .1  m/sec)  
OAIS: 2 
ISS:  9  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 15 
SUBJECT : Female, 2 y r s  2  ma., h e i g h t  and w e i g h t  unknown 
FALL DISTANCE: 26 f t  i n  ( 7 . 9  m) 
ENVIRONMENT: Windowsi 11 t o  S0 i  1  
MAJOR INJURIES: NO i n j u r i e s  
SLIMMARY: C h i l d  was p l a y i n g  on  couch and a t t e m p t e d  t o  g r a s p  a  lamp on a  t a b l e  b e s i d e  t h e  couch 
The lamp f e l l  and t h e  c h i l d  f e l l  a g a i n s t  t h e  window s c r e e n .  She b r o k e  t h r o u g h  s c r e e n  and 
tunib led 26 f t  f r o m  w i n d o w s i l l  t o  b a r e  s o i l  be low.  She s u f f e r e d  no  i n j u r i e s  ( n o t  even 
b r u i s e s ) ,  was examined and r e l e a s e d  f r o m  h o s p i t a l .  
FALL CHRONOLOGY: C h i l d  l o s t  h e r  b a l a n c e  when she l e a n e d  a g a i n s t  s c r e e n  and i t  gave way. She 
t u ~ n b l e d  f r o m  window f a c i n g  f o r w a r d ,  t u r n e d  a  h a l f  s o m e r s a u l t  and l a n d e d  t o  r e s t  on  h e r  back 
on b a r e  s o i l .  The s o i l  had p r o b a b l y  been s o f t e n e d  somewhat b y  r a i n s  f o u r  days e a r l i e r ,  b u t  
was n o t  we t  o r  muddy. 
SPECIFIC INJURIES: None 
RECOVERY: No i n j u r i e s .  C h i l d  was examined a t  l o c a l  h o s p i t a l .  No b r u i s e s  o r  f r a c t u r e s  o r  
o t h e r  i n j u r i e s  observed,  so c h i l d  was r e l e a s e d .  
TOURCES OF DATA: - SUBJECT; - PARENTS ; 
X POLICE; - HOSPITAL; - WITNESSES; - 
X OTHER: wea ther  s e r v i c e  -- 
OTHER COMMENTS : 
CALCULATED DATA: 
IMPACT VELOCITY: 40 f t l s e c  ( 1 2 . 2  rn lsec)  
O A I S :  0 
ISS:  0 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 16 
SUBJECT : Female, 3 y r s  8 mo, 3 f t  1  i n  ( 0 . 9 7  m), 26 l b s  ( 1 1 . 8  k g )  
FALL DISTANCE: 11 f t  0  i n  ( 3 . 4  m) 
ENVIRONMENT: Roo f  t o  c o n c r e t e  
MAJOR INJURIES: Subga lea l  hematoma, 1  i n e a r  s k u l  1  f r a c t u r e ,  b l a c k  eye .  
SUMMARY: C h i l d  was p u r s u i n g  a  c a t  on a  f l a t  r o o f  w h i c h  was r e a d i l y  a c c e s s i b l e  f r o m  some 
o u t s i d e  s t a i r s .  C h i l d  f e l l  f r o m  r o o f ,  12 f t , l a n d i n g  on  a  c o n c r e t e  walkway.  I n j u r i e s  sus -  
t a i n e d  were two  nondepressed 1  i n e a r  s k u l  1  f r a c t u r e s ,  s u b g a l e a l  hematoma and b l a c k e n e d  l e f t  
eye. C h i l d  was h o s p i t a l i z e d  f o r  4 days and  appears  f u l l y  r e c o v e r e d .  
FALL CHRONOLOGY: C h i l d  p r o b a b l y  s t u m b l e d  o f f  r o o f  w h i l e  mov ing  f o r w a r d .  She l a n d e d  on t h e  
t o p  o f  h e r  head on  a  c o n c r e t e  walkway.  
SPECIFIC INJURIES: Subga lea l  hematoma a c r o s s  t o p  o f  head [HSCI-11; nondepressed l i n e a r  s k u l l  
f r a c t u r e  t h a t  e x t e n d e d  f r o m  r i g h t  t o  l e f t  t e m p o r o p a r i e t a l  a r e a s  o v e r  t o p  o f  head, w i t h  s m a l l  
1  i n e a r  f r a c t u r e  a d j o i n i n g  [HSFS-21; c o n t u s e d  l e f t  eye  [FLCE-11. 
RECOVERY: Complete,  a c c o r d i n g  t o  p a r e n t s .  
SOURCES OF DATA: SUBJECT; & PARENTS; 
X - POLICE; X HOSPITAL; - WITNESSES; 
- OTHER : 
OTHER COMMENTS : 
CALCULATED DATA: 
IMPACT VELOCITY : 26 f t l s e c  ( 7 . 9  m l s e c )  
O A I S :  2 
ISS:  5 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 17 
SUBJECT : Male,  21 y r s ,  h e i g h t  and w e i g h t  unknown 
FALL DISTANCE: 49 ft 10 i n  ( 1 5 . 2  m) 
ENVIRONMENT: Window t o  c o n c r e t e  s i d e w a l k  
MAJOR INJURIES: Two f r a c t u r e d  t h o r a c i c  v e r t e b r a e ,  f r a c t u r e  l e f t  w r i s t ,  f r a c t u r e s  o f  b o t h  
h e e l s .  
SUMMARY: P r i s o n e r  a t t e m o t e d  t o  escape b y  b r e a k i n g  a  window on t h e  4 t h  f l o o r  o f  a  c o u r t  
b u i l d i n q  l o c k u p  and l o w e r i n g  h i m s e l f  on  a  r o o e  made o u t  o f  o i e c e s  o f  b l a n k e t .  A p p a r e n t l y ,  
he s l i p p e d  f r o m  t h e  r o p e  and f e l l  t o  t h e  c o n c r e t e  s i d e w a l k  b e l o w .  S u b j e c t  was h o s p i t a l i z e d  
11 days f o r  t r e a t m e n t  o f  a  f r a c t u r e d  l e f t  w r i s t ,  compress ion  f r a c t u r e s  o f  two  t h o r a c i c  
v e r t e b r a e ,  and b i l a t e r a l  f r a c t u r e s  o f  t h e  c a l c a n e u s  bones o f  t h e  h e e l .  He was e x p e c t e d  t o  
r e c o v e r  a f t e r  9-15 weeks o f  c o n v a l e s c e n c e .  
FALL CHRONOLOGY: D u r i n g  an  escaoe a t t e m p t ,  o r i s o n e r  b r o k e  a  4 t h  f l o o r  window and began t o  
l o w e r  s e l f  on  a  20 f t  m a k e s h i f t  rope .  He s l i p p e d  f r o m  r o p e  and f e l l  t o  c o n c r e t e  s i d e w a l k .  
S u b j e c t  was found l y i n g  on h i s  l e f t  s i d e  i n  a  f e t a l  p o s i t i o n  t h o u g h  i n j u r i e s  i n d i c a t e  t h a t  
t h e  s u b j e c t  l a n d e d  f e e t  f i r s t .  
SPECIFIC INJURIES: Compression f r a c t u r e s  o f  T-10 and T-11 [BSFV-31; b i l a t e r a l  f r a c t u r e s  
o f  c a l c a n e u s ,  w i t h  p r o b a b l e  d i s p l a c e m e n t  [QBFS-31; f r a c t u r e  l e f t  w r i s t  [WLFS-21. 
R E C O V E R Y :  No t  e x p e c t e d  t o  wa lk  f o r  9-15 weeks. 
SOURCES OF DATA: - SUBJECT; - PARENTS; 
POLICE; - HOSPITAL; - WITNESSES; 
X OTHER:  a t t o r n e y s ;  p h y s i c i a n  - 
OTHER COMMENTS: P r e c i  Se f a 1  1  d i  Stance 
unknown, s i n c e  i t  i s  n o t  known i f  he had 
c l i m b e d  p a r t  way down rope .  
CALCULATED DATA: 
IMPACT VELOCITY: 55 f t / s e c  (16 .8  m/sec)  
0 ~ 1 s :  3 
ISS:  18 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 1 8  
SUBJECT: Male,  71 y r s ,  h e i g h t  and  w e i g h t  unknown 
FALL DISTANCE: 49 f t  0  i n  ( 1 4 . 9  m) 
ENVIRONMENT: Window t o  g r a s s - c o v e r e d  S o i l  
MAJOR INJURIES: " C r i t i c a l "  c o n d i t i o n  a f t e r  f a 1  1.  
SUMMARY: S u b j e c t  was e a t i n g  when a  ~ i e c e  o f  f o o d  became l o d g e d  i n  h i s  t h r o a t .  He g o t  UD 
f rom t h e  t a b l e ,  w e n t  o v e r  t o  t h e  window, and  l e a n e d  h i s  head o u t  a p p a r e n t l y  w i t h  t h e  i d e a  
o f  d i s l o d g i n g  t h e  f o o d .  S u b j e c t  l o s t  h i s  b a l a n c e ,  knocked o u t  s c r e e n ,  and f e l l  t h r o u g h  
t h e  open window, 49 f t, t o  t h e  g r a s s - c o v e r e d  s o i l  b e l o w .  S u b j e c t  was h o s p i t a l i z e d  i n  
c r i t i c a l  c o n d i t i o n .  Recovery  unknown, b u t  he was s t i l l  i n  h o s o i t a l  ( s t a b l e  c o n d i t i o n )  16 
days  a f t e r  t h e  f a l l .  
FALL CHRONOLOGY : S u b j e c t  was l e a n i n g  o u t  o f  onen window o f  f i f t h - f l o o r  a p a r t m e n t ,  ~ o s s i  b l y  
c h o k i n g .  He l o s t  h i s  b a l a n c e  and  f e l l  t h r o u g h  t h e  window. He was f o u n d  l y i n g  o n  h i s  
back i n  a  g r a s s y  s e c t i o n  o f  t h e  y a r d .  
SPECIFIC INJURIES: Consc ious  and a b l e  t o  move arms a f t e r  f a l l .  L i s t e d  i n  c r i t i c a l  c o n d i t i o n  
a f t e r  a d m i s s i o n  t o  h o s o i t a l .  16 days  l a t e r  was i n  s t a b l e  c o n d i t i o n ,  i n  t r a c t i o n .  T r a c t i o n  
s u g g e s t s  l o w e r  s o i n a l  o r  l o w e r  e x t r e m i t y  i n j u r i e s .  
RECOVERY:  I n  h o s p i t a l  a t  l e a s t  6 weeks, b u t  f i n a l  c o n d i t i o n  n o t  known 
SOURCES OF DATA: - SUBJECT; - PARENTS ; 
X POLICE; - HOSPITAL; _li WITNESSES; - 
I(_ OTHER:  S i s t e r ,  age 73 
OTHER COMMENTS: S u b j e c t  i n  t o 0  c r i t i c a l  
c o n d i t i o n  f o r  i n i t i a l  i n t e r v i e w ,  and 
s u b s e q u e n t l y  s i s t e r  r e f u s e d  m e d i c a l  r e l e a s e .  
CALCULATED DATA: 
IMPACT VELOCITY: 5 4 . 5  f t l s e c  
OAIS: Unknown 
ISS:  Unknown 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 1 9  
SUBJECT: Ma le ,  59 y r s . ,  5  f t . 1 0  i n .  ( 1 . 7 7  m . ) ,  160 l b s .  ( 7 2 . 6  k g . )  
FALL DISTANCE: 11 f t .  0  i n .  ( 3 . 4  m. )  
ENVIRONMENT: S c a f f o l d i n g t o c o n c r e t e s l a b f l o o r  
MAJOR INJURIES: L a c e r a t i o n  o f  l e f t  r e a r  s c a l p ;  compressed f r a c t u r e  o f  L1 and L 4  v e r t e b r a e  
SUMMARY: Shee t  m e t a l  w o r k e r  f e l l  11 f t .  w h i l e  i n s t a l l i n g  d u c t w o r k  a t  a  supermarke t  c o n s t r u c -  
t i o n  s i t e .  He f e l l  f r o m  s c a f f o l d i n g ,  head f i r s t ,  o n t o  a  c o n c r e t e  s l a b  f l o o r .  S u b j e c t  was 
h o s p i t a l i z e d  f o r  9  days and e x p e c t s  t o  be o f f  t h e  j o b  f o r  5-6 months.  
FALL CHRONOLOGY: S u b j e c t  was w o r k i n g  a t o p  two  s e c t i o n s  o f  s c a f f o l d i n g  w i t h  whee ls .  Wheels 
were l o c k e d  and p l a n k s  were i n  p l a c e .  S c a f f o l d  had r a i l i n g  e x c e p t  f o r  end f r o m  w h i c h  sub-  
j e c t  f e l l .  S u b j e c t  b e l i e v e s  he  was t u r n i n g  a r o u n d  t o  p i c k  up  some d u c t w o r k  a t  t h e  t i m e  o f  
h i s  f a l l .  He knows he h i t  head f i r s t  on  c o n c r e t e  and r o l l e d  somewhat. Hard h a t  came o f f  
d u r i n g  f a l l  as t h e  c h i n  s t r a p  was n o t  f a s t e n e d .  
SPECIFIC INJURIES: L a c e r a t i o n  o f  l e f t  r e a r  s c a l p  r e q u i r i n g  s e v e r a l  s t i t c h e s  [HLL I -11  ; com- 
p r e s s e d  f r a c t u r e  o f  L1 and 1 4  v e r t e b r a e  [BIFV-31;  b i l a t e r a l  so reness  a c r o s s  upper  back and 
l o w e r  neck  [BSPM-11. 
RECOVERY: N o t  a l l o w e d ,  n o r  c a p a b l e  o f ,  work ,  though  g e t s  a r o u n d  w e l l .  Expec ts  t o  be o u t  
o f  work  5-6 months .  Wears back  b r a c e  when up.  Was t o l d  " h e a l i n g  s a t i s f a c t o r i l y " .  
SOURCES OF DATA: X SUBJECT; - PARENTS; 
- POLICE; - HOSPITAL; 1 WITNESSES; 
- OTHER : 
OTHER COMMENTS: S u b j e c t ' s  son was w i t n e s s  t o  
t h e  f a l l .  S u b j e c t  r e f u s e d  t o  s i g n  m e d i c a l  
re1 ease .  
CALCULATED DATA: 
IMPACT VELOCITY: 26 f t . / s e c .  ( 7 . 9  m . / s e c . )  
o A I S :  3 
ISS:  1 1  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 20 
SUBJECT : Male,  53 y r s . ,  h e i g h t  and w e i g h t  unknown 
FALL DISTANCE: Unknown 
ENVIRONMENT: Down e l e v a t o r  s h a f t  t o  c o n c r e t e  
MAJOR INJURIES: Broken  sternum; mu1 t i p l e  f r a c t u r e s  
SUblMARY : Worker  f e l l  i n t o  open e l e v a t o r  s h a f t .  S u b j e c t  pushed h a n d c a r t  i n t o  e l e v a t o r  open- 
i n g  and f e l l  i n  a f t e r  i t .  S a f e t y  g a t e  had m a l f u n c t i o n e d  and was open. E l e v a t o r  was one 
f l o o r  above. Knowledge o f  d e t a i l s  o f  f a l l  a r e  l i m i t e d  by l e g a l  r e p e r c u s s i o n s  o f  t h e  f a l l .  
FALL CHRONOLOGY: Worker  f e l l  down an e l e v a t o r  s h a f t .  The s u b j e c t  p r o b a b l y  f e l l  f rom t h e  
second f l o o r  l e v e l ,  t h o u g h  i t  was t h o u g h t  t h a t  he  was t a l k i n g  w i t h  a  f e l l o w  w o r k e r  on  t h e  
t h i r d  f l o o r  when he f e l l .  S u b j e c t  impac ted  " t h e  e l e v a t o r  p i t " .  I t  was n o t  p o s s i b l e  t o  exam- 
i n e  t h e  s i t e .  
SPECIFIC INJURIES: N e i t h e r  h o s p i t a l  n o r  newspaper r e p o r t e d  e x t e n t  o f  i n j u r i e s .  P o s s i b l e  
f r a c t u r e d  s te rnum [CCFS-21; mu1 t i p l e  f r a c t u r e s ,  "back t r o u b l e " .  
RECOVERY: S u b j e c t  was a t  home r e c u p e r a t i n g ,  bu t  had n o t  y e t  r e c o v e r e d .  
SOURCES OF DATA: - SUBJECT; - PARENTS; 
- POLICE; - HOSPITAL; - W!TNESSES; 
X OTHER: Newspaper, owner o f  b u i l d i n g ,  -. 
i n s u r a n c e  company r e p r e s e n t a t i v e  
OTHER COMMENTS : 
L i t i g a t i o n  p r e v e n t e d  any d e t a i l e d  i n v e s t i g a -  
t i c n  o f  t h i s  f a l l .  
CALCULATED DATA: 




FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 21 
SUBJECT : Male ,  3 y r s  6 mos, 3 f t  5 i n  ( 1 . 0 4  m ) ,  40 l b s  (18 .1  k g )  
FALL DISTANCE: 11 f t .  0 i n .  ( 3 . 4  m.) 
ENVIRONMENT: W i n d o w s i l l  t o s l a t e f l o o r  
MAJOR INJURIES: Concuss ion ;  p o s s i b l e  c e r e b r a l  c o n t u s i o n  
SUMMARY: C h i l d  f e l l  f r o m  second f l o o r  window o f  h i s  room t o  s l a t e  s t o n e  f l o o r  o f  f o y e r  i n s i d e  
house.  S u b j e c t  f e l l  head f i r s t ,  11 f e e t ,  s u s t a i n i n g  mu1 t i p l e  head i n j u r i e s  i n c l u d i n g  concus-  
s i o n  and v a r i o u s  c o n t u s i o n s .  P a r e n t s  t r a n s p o r t e d  s u b j e c t  t o  h o s p i t a l  a f t e r  h i s  f a l l .  He was 
d i s c h a r g e d  7 days l a t e r  and has 
FALL CHRONOLOGY: C h i l d  was s i t t i n g  on  w i n d o w s i l l  o f  o p e n i n g  w h i c h  o v e r l o o k s  f o y e r ,  f a c i n g  
i n t o  t h e  room. He f e l l  backward t h r o u g h  t h e  o p e n i n g ,  l a n d i n g  head f i r s t  on a s l a t e  f l o o r  
and n a r r o w l y  m i s s i n g  a m e t a l  v e n t i l a t i o n  g r a t e  i n  t h e  f l o o r .  He was c r y i n g  and s t a r t i n g  t o  
s t a n d  up  when h i s  m o t h e r  a r r i v e d  a few seconds a f t e r  she h e a r d  h i m  l a n d .  
SPECIFIC INJURIES: L i n e a r  s k u l l  f r a c t u r e  o f  l e f t  f r o n t a l ,  p a r i e t a l  and t e m p o r a l  bones down 
t o  a n t e r i o r  f o s s a  and o r b i t  [FSFS-2, HLFS-21; c e r e b r a l  c o n c u s s i o n  [HLKB-21; "huge" c o n t u s i o n  
and hematoma o f  l e f t  s i d e  o f  head [HLCI-11. 
RECOVERY: A p p a r e n t l y  c o m p l e t e .  Mother  r e p o r t s  no  ill e f f e c t s  o r  l i n g e r i n g  p rob lems as a 
r e s u l t  o f  h i s  f a l l .  
SOURCES OF DATA: - SUBJECT; 1 PARENTS; 
- POLICE; A HOSPITAL; 2 WITNESSES; 
- OTHER: 
OTHER COMMENTS: F a m i l y  had o c c u p i e d  house 
f o r  o n l y  2 weeks p r i o r  t o  f a l l .  
CALCULATED DATA: 
IMPACT VELOCITY: 26 f t . / s e c .  ( 7 .9  m./sec)  
OAIS: 3 I 
ISS: 5 
T h i s  case was e x t e n s i v e l y  s i m u l a t e d .  Response 
do n o t  a c c o u n t  f o r  f r a c t u r e  e f f e c t s .  
(See C h a p t e r  3 )  
E s t .  peak head a c c e l  : 370-391 g ' s  
E s t .  peak head norma l  f o r c e :  3300-3900 1 b s .  
(14,680-17,350N) 
E s t .  peak head d e f l e c t i o n :  . 4 1 - - 4 7  i n  
( 1 . 0 4 - 1 . 1 9  cm) 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 22 
SUBJECT : Female, 1 0  y r s . ,  1 / 2  month, 4 f t .  6  112 i n .  ( 1 . 3 8  m . ) ,  63 l b s .  (28 .5  kg . )  
FALL DISTANCE: 35-37 f t .  (10 .7 -11 .3  m.) 
ENVIRONMENT: T ree  t o  h a r d  g round  
MAJOR INJURIES : Concussion,  c o r t i c a l  c o n t u s i o n ,  o t h e r  c o n t u s i o n s  
SUMMARY: S u b j e c t  f e l l  w h i l e  c l i m b i n g  a  t r e e  w i t h  f r i e n d s .  She f e l l  a p p r o x i m a t e l y  35 f t .  
l a n d i n g  on h e r  back on  h a r d  ground.  Sub , jec t  was unconsc ious  i m m e d i a t e l y  upon i m p a c t  and 
s l o w l y  came o u t  o f  coma o v e r  a  two week p e r i o d  o f  h o s p i t a l i z a t i o n .  N o t  f u n c t i o n i n g  n o r -  
m a l l y  a t  t i m e  o f  i n v e s t i g a t i o n ,  b u t  l a t e r  f o l l o w  up i n d i c a t e d  m i n i m a l  r e s i d u a l  e f f e c t s .  
FALL CHRONOLOGY: S u b j e c t  was c l i m b i n g  a  p i n e  t r e e  i n  a  p a r k  n e a r  h e r  hone. Branch  appar -  
e n t l y  snapped u n d e r f o o t ,  t h r o w i n g  h e r  f r e e  o f  t r e e .  She l a n d e d  on  h e r  back, b u t t o c k s  s l i g h t l y  
down--on r a t h e r  h a r d  ground covered  t h i n l y  by g rass  and p i n e  n e e d l e s .  
SPECIFIC INJURIES: Concussion,  unconsc ious  t h e n  semiconsc ious  f o r  two weeks [HLKB-41; l e f t  
f r o n t o - p a r i e t a l  c o r t i c a l  c o n t u s i o n  [HLKB-41; c o r n e a l  a b r a s i o n  o f  r i g h t  eye [FRAE-11; no f r a c -  
t u r e s ;  c o n t u s i o n s  on l e f t  s i d e  o f  head [HLCI-11 and on l o w e r  back [BLCI-11. 
RECOVERY : N o t  c o m p l e t e l y  r e c o v e r e d .  Has good memory, s l  i g h t l y - a b n o r m a l  - b u t - i m p r o v i  ng EEG. 
Has r e g a i n e d  most  normal  f u n c t i o n s ,  b u t  s l i g h t  speech and moto r  problems y e t .  Do ing  OK i n  
s c h o o l .  
SOURCES OF DATA: - SUBJECT; X PARENTS; - I 1 
- POLICE; - X HOSPITAL ; - WITNESSES; 
- OTHER : 
OTHER COMMENTS : Two p laymates  w i t n e s s e d  f a 1  1  
However, b o t h  c h i l d r e n  were regarded  as un- 
r e l i a b l e  w i t n e s s e s .  Fa1 1  h e i g h t  was es t i rn -  
a t e d  u s i n g  r a n g e f i n d e r ,  s i n c e  t r e e  c o u l d  n o t  
be c l i m b e d .  
CALCULATED DATA: 
IMPACT VELOCITY: 47-48 f t . / s e c .  ( 1 4 . 3 - 1 4 . 6  
DAIS:  4  m . / s e c . )  
1%: 1 8  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 23 
SUBJECT: Male,  9 y r s . ,  4 f t .  2  112 i n .  ( 1 . 2 8  m . ) ,  61 l b s .  (27 .6  k g )  
FALL DISTANCE: 1 0  f t .  4 i n .  ( 3 . 2  m )  
ENVIRONMENT: Second s t o r y  window t o  c o n c r e t e  s l a b  
MAJOR INJURIES: S k u l l  f r a c t u r e ,  c o n c u s s i o n  
SUMMARY: C h i l d  was j u m p i n g  on  bed s i t u a t e d  b e s i d e  a  second s t o r y  window o f  h i s  r e s i d e n c e .  
S u b j e c t  f e l l  10 f e e t ,  head f i r s t ,  t o  a  s m a l l  c o n c r e t e  p a t i o .  He was h o s p i t a l i z e d  f o r  1 0  days 
w i t h  a  f r a c t u r e d  s k u l l .  Recovery  i s  c o m p l e t e  e x c e p t  f o r  some p rob lems i n  comprehension.  
FALL CHRONOLOGY: C h i l d  was p l a y i n g  by j u m p i n g  on  h i s  bed when he l o s t  h i s  b a l a n c e  and h i s  
momentum c a r r i e d  h i m  t h r o u g h  a  second s t o r y  window. The window was open and t h e  s c r e e n  was 
d i s l o d g e d  by h i s  f a l l .  The s u b j e c t  f e l l  head f i r s t  o n t o  a  4 i n c h  t h i c k  c o n c r e t e  s l a b  p a t i o .  
He was f o u n d  l y i n g  c h e s t  down w i t h  l e g s  drawn up  u n d e r  h im.  S u b j e c t ' s  head and c h e s t  were 
on t h e  c o n c r e t e  w h i l e  l e g s  were on  t h e  g r a s s .  
SPECIFIC INJURIES: L i n e a r  f r a c t u r e  o f  f r o n t a l  s k u l l  bone ( n o t  d e p r e s s e d ) ,  c e r e b r a l  concus-  
s i o n  [HRKB-31; l a c e r a t i o n  o f  r i g h t  knee [KRLJ-1 1. 
RECOVERY: N o t  q u i t e  comp le te .  P a r e n t s  f e e l  he  i s  s l o w e r ,  l e s s  b r i g h t  i n  s c h o o l .  
SOURCES OF DATA: - SUBJECT; j- PARENTS; 
- POLICE; 1 HOSPITAL; - WITNESSES; 
x OTHER: A p t .  manager, ambulance s e r v i c e .  - 
OTHER COMMENTS : Townhouse where f a 1  1  o c c u r r e t  
was v a c a n t  a t  t h e  t i m e  o f  i n v e s t i g a t i o n .  A t  
t h e  t i m e  o f  f a l l ,  t h e  suB, iect  had a  c a s t  on  
h i s  r i g h t  arm f r o m  a  p r e v i o u s  i n j u r y .  
CALCULATED DATA: 
IMPACT VELOCITY: 25 f t . / s e c .  ( 7 . 6  m . / s e c . )  
oA IS :  3 
ISS:  1 0  
1 - 
U 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 24 
SUBJECT : Female, 3 y r s .  5 mos., 3 f t .  1 i n .  ( .94 m.) ,  31 l b s .  (14  kg )  
FALL DISTANCE: 49 f t .  O i n .  (14 .9  m.)  
ENVIFlONMENT: S i x t h  f l o o r  b a l c o n y  r a i  1  i n g  t o  damp, g r a s s - c o v e r e d  s o i l .  
MAJOR INJURIES: M i l d  concuss ion ,  pu lmonary  c o n t u s i o n  w i t h  hemothorax,  mu1 t i p l e  r i b  f r a c t u r e s ,  
r i g h t  e lbow f r a c t u r e .  
SUMMARY S u b j e c t  was p l a y i n g  a l o n e  on  b a l c o n y ,  c l i m b e d  o n t o  b a l c o n y  r a i l  and f e l l  49 f e e t  
t o  damp ground below,  l a n d i n g  on h e r  back .  I n j u r i e s  i n c l u d e  unconsc iousness  a t  t h e  scene, 
a b roken  r i g h t  e lbow and r i g h t  hemothorax.  She was h o s p i t a l i z e d  seven days.  Recovery i s  
e s s e n t i a l l y  compJete. 
FALL CHRONOLOGY: S u b j e c t  p r o b a b l y  c l i m b e d  o n t o  a f o l d e d  lawn c h a i r  n e a r  b a l c o n y  r a i l i n g ,  
l o s t  ba lance  and f e l l  f o r w a r d  o v e r  r a i l i n g .  She l a n d e d  on h e r  back,  on g rass -covered  s o i l  
t h a t  had been dampened b y  r e c e n t  r a i n s .  
SPECIFIC INJURIES: Unconscious a t  scene, b u t  f u l l y  awake w i t h i n  24 hours  [HWKB-31. M u l t i p l e  
f r a c t u r e s  o f  r i b s  o n  r i g h t  s i d e  [CRFS-31. R i g h t  pulmonary c o n t u s i o n  w i t h  r i g h t  pneumohemo- 
t h o r a x  [CRCP-3, CRHP-31. R i g h t  e l  bow had comninu ted  s u p e r c o n d y l a r  f r a c t u r e  w i t h  d i s p l a c e m e n t  
o f  d i s t a l  f ragment  [ERFJ-31. 
RECOVERY: A p p a r e n t l y  comp le te .  There  were no  c o m p l i c a t i o n s  n o t e d  by t h e  p a r e n t s .  
SOURCES OF DATA: - SUBJECT; PARENTS; 
- POLICE ; HOSPITAL ; - WITNESSES ; 1 
X OTHER: Newspaper -
OTHER COMMENTS: A w i t n e s s  had been i d e n t i f i e c  
b u t  c o u l d  n o t  be l o c a t e d .  Lawn was s t r e w n  
w i t h  a p p l e s  f r o m  nearby  t r e e ,  b u t  t h e r e  were 
no s p e c i f i c  b r u i s e s  a t t r i b u t a b l e  t o  them. 
CALCULATED DATA: 
IMPACT VELOCITY: 54 f t . / s e c .  (16 .5  m l s e c )  
OAIS: 4 
ISS: 27 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 25 
SUBJECT: Male, 3 y r s .  4 mos., 3 ft. 5 i n .  (1 .04 m.), 35 l b s .  ( 15 .9  kg) 
FALL DISTANCE: 20 f t. 8 i n .  ( 6 . 3  m.) 
ENVIRONMENT: Windowsi l l  t o  hood o f  c a r  t o  a s p h a l t  su r face  
MAJOR INJURIES: No major  i n j u r i e s  
SUMMARY: C h i l d  f e l l  n e a r l y  21 f e e t  from t h i r d  f l o o r  w i n d o w s i l l  t o  hood o f  parked subcompact 
ca r ,  s t r i k i n g  h i s  head. He was found l y i n g  on t h e  a s p h a l t  p a r k i n g  l o t .  Sub jec t  d i d  n o t  l o s e  
consciousness and h i s  o n l y  i n j u r y  was a  b r u i s e  i n  t h e  r i g h t  p a r i e t a l  r e g i o n .  He was h o s p i t -  
a l i z e d  t h r e e  days f o r  obse rva t i on  and i s  f u l l y  recovered. 
FALL CHRONOLOGY: C h i l d  was p l a y i n g  on wide w indows i l l  o f  t h i r d  f l o o r  bedroom a t  t ime  o f  t h e  
f a l l .  The window was open. The c h i l d  f e l l  a g a i n s t  t h e  screen, d i s l o d g i n g  it, and topp led  
o u t  o f  t h e  window. He landed on t h e  hood o f  a  parked ca r ,  s t r i k i n g  t h e  r i g h t  p a r i e t a l  s k u l l  
area. He then r o l l e d  o f f  hood onto  t he  paved surface i n  f r o n t  of  v e h i c l e  where he was found 
by mother.  
SPECIFIC INJURIES: Swel l  i n g  i n  r i g h t  p a r i e t a l  sku1 1  area [HRCI-11. No o t h e r  i n j u r i e s .  
RECOVERY: He " f avo red "  h i s  r i g h t  upper arm and shou lder  f o r  a  few days. Completely recovered.  
SOURCES OF DATA: SUBJECT; 3 PARENTS; 
- POLICE; HOSPITAL; - WITNESSES; 
_X OTHER : Apartment manager 
OTHER COMMENTS: There was no permanent d e f o r  
mat ion  t o  t he  hood o f  t h e  c a r ,  and no i n d i c a -  
t i o n s  o f  damage due t o  impact f rom above. 
CALCULATED DATA: 
IMPACT VELOCITY: 36 f t .  /sec (1  1 .0  m./sec. ) 
@ I S :  1  
ISS: 1  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 26 
SUBJECT : Female, 3 y r s .  4 mas., 3 f t .  5 i n .  (1 .06  m . ) ,  30 l b s .  (13 .6  k g . )  
FALLDISTANCE: 3 2 f t .  7 i n .  ( 9 . 9 m . )  
ENVIRONMENT: Windowsi 11 t o  damp, g r a s s - c o v e r e d  s o i l  . 
MAJOR INJURIES: NO m a j o r  i n j u r i e s  
WlMARY: C h i l d  was p l a y i n g  w i t h  h e r  b r o t h e r  (Case 2 7 )  i n  t h e  bedroom o f  t h e i r  f o u r t h  f l o o r  
apar tment ,  p r o b a b l y  s i t t i n g  on  w i n d o w s i l l .  A p p a r e n t l y  one c h i l d  l o s t  b a l a n c e  and g rabbed  
t h e  o t h e r .  They b o t h  f e l l  backward t h r o u g h  t h e  open window n e a r l y  33 f t .  t o  t h e  l a w n .  Sub- 
j e c t  l a n d e d  i n  s i t t i n g  p o s i t i o n .  No i n j u r i e s  o f  any  consequence were r e c e i v e d .  She was 
h o s p i t a l i z e d  24 h o u r s  f o r  o b s e r v a t i o n  and i s  f u l l y  r e c o v e r e d .  
FALL CHKlNOLOGY: C h i l d  was s i t t i n g  on  w i n d o w s i l l  o f  f o u r t h  f l o o r  bedroom window, f a c i n g  i n t o  
t h e  room. Wi tness  saw window s c r e e n  come o u t  f o l l o w e d  b y  t h e  s u b j e c t ,  who t u m b l e d  i n  t h e  a i r  
s e v e r a l  t i m e s  and l a n d e d  i n  a s i t t i n g  p o s i t i o n  on damp s o i l .  S u b j e c t  d i d  n o t  c o l l i d e  i n  t h e  
a i r  w i t h ,  n o r  l a n d  on  t o p  o f ,  h e r  b r o t h e r .  
SPECIFIC IhJURIES: On ly  s p e c i f i c  i n j u r i e s  n o t e d  were vague abdominal  p a i n  [MWPM-11 and a 
s l i g h t  c u t  on l i p  [F ILD-11 .  No f r a c t u r e s ,  no  l o s s  o f  consc iousness .  F i n a l  d i a g n o s i s  was 
l i s t e d  as "head i n j u r y " .  
RECOVERY: Complete,  no  c o m p l i c a t i o n s  s i n c e  t h e  f a l l .  
SOURCES OF DATA: SUBJECT; PARENTS; 
2 POLICE; J HOSPITAL; 1 WITNESSES; 
1( OTHER: Apar tment  manager. 
OTHER COMMENTS : Lawn a p p a r e n t l y  absorbed  
much o f  i m p a c t .  S u b j e c t  had j u s t  had b a t h  
and was naked.  
CALCULATED DATA: 
IMPACT VELOCITY: 45 f t . / s e c .  ( 1 3 . 7  m./sec ) 
o A I S :  1 
ISS:  2 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 27 
SUBJECT : Male,  1 y r  5 mos, 2 ft 1 0  i n  j .86  m), 2 5  l b s  ( 1 1 . 3  kg)  
FALL DISTANCE: 32 ft. 7 i n .  
ENVIKJNMENT: W i n d o w s i l l  t o  damp, g r a s s - c o v e r e d  s o i l .  
MAJOR INJURIES: NO m a j o r  i n j u r i e s .  
WMMARY: C h i l d  was p l a y i n g  w i t h  h i s  s i s t e r  ( s e e  Case 26)  i n  t h e  bedroom o f  t h e i r  f o u r t h  
f l o o r  apar tment ,  p r o b a b l y  s i t t i n g  on t h e  w i n d o w s i l l .  A p p a r e n t l y ,  one c h i l d  l o s t  ba lance  
and grabbed a t  t h e  o t h e r .  B o t h  f e l l  backward t h r o u g h  t h e  open window n e a r l y  33 f e e t  t o  
t h e  lawn.  S u b j e c t  l a n d e d  on  h i s  r i g h t  s i d e ,  s l i g h t l y  b u t t o c k s - f i r s t .  C h i l d  r e c e i v e d  no 
s i g n i f i c a n t  i n j u r i e s .  He was h o s p i t a l i z e d  f o r  o b s e r v a t i o n  f o r  two days, and i s  f u l l y  r e -  
covered .  
FALL CHRONOLOGY: C h i l d  was s i t t i n g  on w i n d o w s i l l  o f  f o u r t h  f l o o r  bedroom window, f a c i n g  
i n t o  room. Wi tness  saw window s c r e e n  come o u t ,  f o l l o w e d  by fema le  c h i l d ,  f o l l o w e d  immedi- 
a t e l y  by s u b j e c t .  He tumb led  once i n  t h e  a i r  and l a n d e d  on  h i s  r i g h t  s i d e  on  t h e  damp, 
g r a s s y  s o i l .  S u b j e c t  d i d  n o t  c o l l i d e  i n  t h e  a i r  w i t h ,  o r  l a n d  on t o p  o f ,  h i s  s i s t e r .  
SPECIFIC INJURIES: No i n j u r i e s  e x c e p t  two s l i g h t  a b r a s i o n s  on r i g h t  h i p  [PRAI-11. No l o s s  
o f  consc iousness ,  no f r a c t u r e s .  H o s p i t a l  d i a g n o s i s  was 1  i s t e d  as "head i n j u r y " .  
RECOVERY: Immediate and comple te - -no  c o m p l i c a t i o n s  s i n c e  f a l l .  
SOURCES OF DATA: SUBJECT; x PARENTS; - 
_X POLICE; _X HOSPITAL; J- WITNESSES; 
1 OTHER: Apar tment  manager. 
OTHER COMMENTS: Lawn a p p a r e n t l y  absorbed much 
o f  impac t .  C h i l d  was c l a d  o n l y  i n  d i a p e r s .  
CkLCULATED DATA: 
IMPACT VELOCITY: 45 f t . / s e c .  ( 1 3 . 7  m. /sec . )  
o A I S :  1  
ISS:  1  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 28 
SUBJECT : Male, 19 y r s .  4 mos., 5  ft. 3 i n .  (1.60 m.), 125 l b s .  (56.7 kg . )  
FALL DISTANCE: 75 ft. 4 i n .  (23 .0  m.) 
ENVIRONMENT: F l a t  r o o f  t o  a s p h a l t  
MAJOR INJURIES: F rac tu res  o f  t h e  r i g h t  p e l v i s ,  l e f t  femur, l e f t  f i b u l a ,  l e f t  f o o t  and ank le ,  
r i g h t  t i b i a ,  r i g h t  ank le ,  and r i g h t  f i r s t  r i b ,  s t e r n a l  sepa ra t i on ,  hemothorax, and abras ions.  
SUMMARY: Window c l e a n e r  f e l l  f rom f l a t  r o o f  t o  a s p h a l t  s idewalk  below as he was p repa r i ng  
t o  move washing cage. Sub jec t  f e l l  75 f e e t ,  f e e t  f i r s t ,  s u s t a i n i n g  f r a c t u r e s  o f  t h e  p e l v i s  
and bo th  lower  e x t r e m i t i e s ,  r i b  and s t e r n a l  f r a c t u r e s ,  and a  l e f t  hemothorax. He was hos- 
p i t a l i z e d  34 days, and was con f i ned  t o  a  whee l cha i r  when re leased .  U l t i m a t e  recovery  i s  
unknown. 
FALL CHRONOLOGY: Sub jec t  p u l l e d  on snagged cab le .  I t  came loose  suddenly and he stumbled 
backward, spun around and t r i p p e d  over  a  s i x - i n c h  (15.3 cm.) ledge a t  t h e  edge o f  t h e  f l a t  
r o o f .  He was a b l e  t o  g r i p  t h e  ledge,  f ac ing  t h e  b u i l d i n g ,  f o r  a  few moments w i t h  h i s  f i n -  
g e r t i p s ,  then had t o  re lease .  He dropped s t r a i g h t  down, t u r n i n g  90 degrees t o  t h e  r i g h t  as 
he f e l l .  He landed, f e e t - f i r s t ,  about 4  f ee t  (1 .2  m.) f rom t h e  b u i l d i n g ,  on a  smooth a s p h a l t  
s idewalk .  As he impacted, he a t tempted t o  th row h i m s e l f  f o rwa rd .  
SPECIFIC INJURIES: F r a c t u r e  o f  r o o f  of  r i g h t  acetabulum w i t h  p o s t e r i o r  d isp lacement  o f  head 
of  femur [PRDJ-31; comminuted f r a c t u r e  w i t h  gross displacement o f  s h a f t  o f  l e f t  femur [TLFS-31; 
f r a c t u r e  of  upper s h a f t  of  l e f t  f i b u l a  [LLFS-21; f r a c t u r e  o r  d isp lacement  o f  3  l e f t  me ta ta r -  
s a l s  and one phalange [QLDJ-21; f r a c t u r e  of r i g h t  t i b i a  a t  t h e  ank le ,  comminuted and d i sp laced  
f rac tu res  of  r i g h t  calcaneus and n a v i c u l a r  [QRFJ-31; f r a c t u r e  o f  r i g h t  f i r s t  r i b  on p o s t e r i o r  
aspect [CRFS-21; d i s l o c a t i o n  ( 8  mm. a n t e r i o r l y )  o f  body o f  sternum [CCFS-31; l e f t  hemothorax 
[CLHP-31; Lace ra t i on  of  r i g h t  palm [ I r I K L I - 1 1 ;  abras ion  o t  l e f t  knee [KLAI - I ] ;  p a i n  on l e f t  s i d e  
o f  f ace  [FLPM-11. No head i n j u r i e s .  
RECOVERY: Sub jec t  was s t i l l  h o s p i t a l i z e d  a t  t i m e  o f  i n v e s t i g a t i o n  (16 days a f t e r  f a l l ) .  He 
expected t o  recove r  f u l l y ,  b u t  thought  he would have a n k l e  t r o u b l e  f o r  a  l o n g  t ime.  
SOURCES OF DATA: _li SUBJECT; - PARENTS; 
X POLICE; HOSPITAL; - WITNESSES; - 
- OTHER : 
OTHER COMMENTS : Sub jec t  i n t e r v i e w ,  p o l  i c e  
and medical  r eco rds  were a l l  i n  French. A  
po l  i c e  d e t e c t i v e  a s s i s t e d  i n  t h e  i n t e r v i e w  
and t r a n s l a t e d .  Sub jec t  had v i v i d  r e c o l l e c -  
t i o n  o f  f a l l  d e t a i l s  and c la ims  t o  have con- 
s c i o u s l y  t r i e d  t o  r o l l  a t  impact.  He remem- 
bered how t o  f a l l  f rom j u j i t s u  t r a i n i n g .  
CALCULATED DATA: 
IMPACT VELOCITY: 66 f t . / s e c .  (20 .1  rn./sec. ) 
OAIS: 4 
ISS: 19 
Th i s  case was s imu la ted  (see Chap. 3)  
Est .  peak acce l  : head 26-35 g ;  h i p  293-312 g 
Est .  peak a x i a l  force(max i f  no f r a c t u r e  had 
occur red)  : 
Foot:  800-9250 l b  (36,000-41, 100N) 
l i b l d  ,1t f o o t :  12.900-14.100 lh (57.400-  
62,700N) 
T i b i a  a t  knee: 6450-7450 l b  (28,700- 
33,100N) 
Femur prox imal  ; 4200-4800 1 b  ( 1  8,700-21,400N) 
FREE-FALL STUDY CASE REPORT 
CASt NUMBER: 29 
SUBJECT : Female, 1 y r  2 rnos,height  and w e i g h t  unknown 
FALL DISTANCE: 1 8  f t .  2 i n .  ( 5 . 5  m) 
ENVIRONMENT: B a l c o n y  t o  a s p h a l t  d r i v e w a y  
MAJOR INJURIES: S k u l l  f r a c t u r e  
SUMMARY: Baby s l i p p e d  between s l a t s  o f  b a l c o n y  o f  t h i r d  f l o o r  o f  a p a r t m e n t  house, f a l l i n g  
1 8  f t .  t o  a s p h a l t  d r i v e w a y  be low.  The o n l y  a p p a r e n t  i n j u r y  was a f r a c t u r e d  s k u l l .  
FALL CHRONOLOGY: Baby s l i p n e d  t h r o u g h  a 6.5 i n .  ( 1 6 . 5  cm.) gap between d e c o r a t i v e  s l a t s  o f  
apar tment  house r a i l i n g ,  so she p r o b a b l y  began f a l l i n g  f r o m  a head f i r s t  p o s i t i o n .  
She landed  on a s l i g h t l y - s l o p e d  smooth a s p h a l t  d r i v e w a y ,  p r o b a b l y  h e a d - f i r s t .  
SPECIFIC INJURIES: No m e d i c a l  r e c o r d s  r e l e a s e .  On ly  known i n j u r y  was a s k u l l  f r a c t u r e  [HUFS-21. 
RECOVERY : C h i l d  appears c o m p l e t e l y  normal  . Mother  i n d i c a t e s  comp le te  r e c o v e r y  
SOURCES OF DATA: - X SUBJECT; .- X PARENTS; 
X POLICE; -HOSPITAL; -WITNESSES; - 
X OTHER: Newspaper o f f i c e  - 
OTHER COMMENTS: Access t o  i n f o r m a t i o n  was 
l i n i i t e d  by p e n d i n g  l e g a l  a c t i o n .  
CALCULATED DATA : 
IMPACT VELOCITY: 34 f t . / s e c .  ( 1 0 .  4 m/sec)  
OAIS:  2 
ISS:  4 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 30 
SUBJECT: Male,  20 y r s . ,  6  f t .  (1 .82  m . ) ,  160 l b s .  (72 .6  k g . )  
FALL DISTANCE: 42  f t .  6  i n .  (13 .0  m.) 
ENVIRONMENT: W i n d o w s i l l  t o  b a r e  hard -packed  s o i l .  
MAJOR INJURIES: Concuss ion  
SUMMARY: S u b j e c t  f e l l  f r o m  s i t t i n g  p o s i t i o n  on  w i n d o w s i l l  o f  f o u r t h  f l o o r  apar tment ,  approx -  
i m a t e l y  42 f e e t ,  t o  b a r e  s o i l  be low.  S u b j e c t  was f o u n d  s u p i n e  and semi -consc ious .  As v i r -  
t u a l  l y  no  o t h e r  i n j u r i e s  were s u s t a i n e d ,  s u b j e c t  was h o s p i t a l i z e d  o v e r n i g h t ,  t h e n  r e l e a s e d .  
FALL CHRONOLOGY: S u b j e c t  was s i t t i n g  on t h e  w i n d o w s i l l  o f  a  f o u r t h  f l o o r  a p a r t m e n t .  He f e l l  
backward,  l a n d i n g  on  h i s  back on b a r e  s o i l  be low.  When p o l i c e  a r r i v e d ,  s u b j e c t  was s u p i n e  
and semi - c o n s c i o u s .  
SPECIFIC INJURIES: Concuss ion  [HUKB-21; s l i g h t  b l e e d i n g  a t  upper  m a r g i n s  o f  upper  two i n -  
c i s o r s  [FIOS-11. No f r a c t u r e s .  
RECOVERY: S u b j e c t  c o u l d  n o t  be  c o n t a c t e d .  
SOURCES OF DATA: SUBJECT; - PARENTS; - 
1( POLICE; - X HOSPITAL; - WITNESSES; 
2 OTHER: Apar tment  manager 
OTHER COMMENTS: ~ l c o h o l  was n o t e d  t o  be on 
s u b j e c t ' s  b r e a t h ,  degree  o f  i n t o x i c d t i o n  
n o t  known. S u b j e c t  was t r a n s i e n t  and c o u l d  
n o t  be  l o c a t e d .  
CALCULATED DATA: 
IMPACT VELOCITY: 51 f t . / s e c .  ( 1 5 . 5  m. /sec . )  
OAIS: 2 
ISS:  5 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 31 
SUBJECT : Female, 5 y r s .  1  mo., 4  ft. 1  i n .  (1 .24  m. ) ,  81 l b s .  (36 .7  k g . )  
FALL DISTANCE: 21 f t . 0 i n .  ( 6 . 4  m.)  
ENVIRONMENT: E s c a l a t o r  r a i l i n g  t o  a s p h a l t  t i l e  o v e r  c o n c r e t e .  
MAJOR INJURIES: Sku1 1 f r a c t u r e ,  s e v e r e l y  b r u i s e d  r i g h t  eye, a b r a s i o n s .  
SUMMARY: G i r l  became s e p a r a t e d  f r o m  b a b y s i  t t e r  a t  a  t w o - s t o r y  shopp ing  ma1 1  and a p p a r e n t l y  
f e l l  21 f e e t  f r o m  t h e  mov ing  r a i l  o f  a  down e s c a l a t o r  t o  t h e  t i l e d ,  c o n c r e t e  f l o o r  be low.  
P r i m a r y  i n j u r i e s  were a  b a s i l a r  s k u l l  f r a c t u r e ,  a  s e v e r e l y  b r u i s e d  r i g h t  eye,  and a b r a s i o n s .  
S u b j e c t  was h o s p i t a l i z e d  f o r  one week, and i s  now f u l l y  r e c o v e r e d .  
FALL CHFXINOLOGY: S u b j e c t  a p p a r e n t l y  g rabbed  t h e  mov ing  r a i l  o f  t h e  down e s c a l a t o r  and was 
p u l l e d  up o n t o  t h e  t o p  o f  t h e  r a i l i n g .  Wi tnesses  c l a i m e d  t h a t  t h e  s u b j e c t  a t t e m p t e d  t o  t h r o w  
a  l e g  o v e r  t h e  r a i l i n g ,  s t r a d d l e d  i t  f o r  a  s h o r t  d i s t a n c e ,  t h e n  l o s t  h e r  b a l a n c e  and f e l l .  
She p r o b a b l y  l a n d e d  on t h e  r i g h t  s i d e  of  h e r  head on a  t i l e d  c o n c r e t e  f l o o r .  
SPECIFIC INJURIES: B a s i l a r  s k u l l  f r a c t u r e ,  p r o b a b l y  t h r o u g h  t h e  r i g h t  m i d d l e  f o s s a  ( d i a g -  
nosed f r o m  symptoms, b u t  n o t  v i s i b l e  on X - r a y s ) ,  w i t h  c o n c u s s i o n  [HIKB-31; hematoma i n  r i g h t  
o c c i p i t a l  m a s t o i d  a r e a  [HROI-11; s l i g h t  h e m a t u r i a  [MUCK-31; s e v e r e l y  b r u i s e d  r i g h t  eye  [FRCE-21; 
a b r a s i o n s  o f  r i g h t  abdominal  w a l l  and r i g h t  s h o u l d e r  [MRAI-1, SRAI-11. No l o s s  o f  c o n s c i o u s -  
ness .  
RECOVERY: Recovery  i s  a p p a r e n t l y  comp le te ,  a l t h o u g h  t h e r e  appeared t o  be some r e s i d u a l  d a r k -  
e n i n g  a r o u n d  r i g h t  eye. 
SOURCES OF DATA: Y_ SUBJECT; 1 PARENTS; 
- POLICE; 1 HOSPITAL; - WITNESSES; 
-- OTHER : 
OTHER CCMMENTS: F a l l  was w i t n e s s e d  and t h e i r  
d e s c r i p t i o n s  were r e l a t e d  by m o t h e r .  
CALCULATED DATA: 
IMPACT VELOCITY: 36 f t . / s e c .  ( 1 1 . 0  rn./sec.) 
Q I S :  3 
ISS:  22 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 32 
SUBJECT: Male, 4 y r s .  6 mos., 3 ft. 5 i n .  (1.04 m.), 36 l b s .  (16.5 k g . )  
FALL DISTANCE: 10 f t .  0 i n .  (3 .1  m.) 
ENVIRONMENT: F i r e  escape s t a i r s  t o  wooden p l a t f o r m  (and p robab l y  on meta l  s t a i r ) .  
MAJOR INJURIES: M u l t i p l e  sku l  1 f r a c t u r e s ,  s c a l p  l a c e r a t i o n .  
SUMMARY: C h i l d  f e l l  f r om near t o p  o f  f i r e  escape s t a i r s .  The s u b j e c t  p robab l y  s t r u c k  h i s  
head on meta l  s t a i r  rung b e f o r e  l a n d i n g  on wooden f l o o r  o f  second- f loor  f i r e  escape ba lcony,  
10 f e e t  below. Recovery i s  complete except  f o r  bad memories. 
FALL CHRONOLOGY: C h i l d  was p l a y i n g  w i t h  companions on t h i r d  f l o o r  f i r e  escape ba lcony when 
he s t a r t e d  down t h e  f i r e  escape s t a i r s  t o  t h e  second f l o o r .  A t  an unknown p o i n t  near t h e  
t o p  o f  t h e  s t a i r s ,  he f e l l ,  p robab l y  s t r i k i n g  h i s  head on a meta l  s t a i r  rung and f i n a l l y  
l a n d i n g  on t h e  wooden f l o o r  o f  t h e  second - f l oo r  f i r e  escape ba lcony.  H i s  p o s i t i o n s  a t  t h e  
beg inn ing  and end o f  t h e  f a l l  a r e  unknown. 
SPECIFIC INJURIES: Open depressed f r a c t u r e  o f  r i g h t  f r o n t a l  and p a r i e t a l  bones, w i t h  ex ten-  
s i o n  t o  r i g h t  squamosal s u t u r e  and ex tens ion  t o  r i g h t  masto id  a i r  c e l l s  [HRFS-31; d i a s t a s i s  
o f  corona l  s u t u r e  on r i g h t  s i d e  [HRFS-31; 5 cm. l a c e r a t i o n  o f  s c a l p  i n  r i g h t  f r o n t o p a r i e t a l  
r e g i o n  (depressed s k u l  1 f r a c t u r e  was v i s i b l e  under t h i s  l a c e r a t i o n )  [HRLI-21; minor  abras ions 
on palms and forearms [RBAI-1 , WBAI-I]. 
RECOVERY: Recovery i s  complete.  Mother notes  c h i l d  w i l l  n o t  go t o  t h i r d  f l o o r  a lone,  w i l l  
n o t  approach f i r e  escapes and i s  f e a r f u l  o f  phys i c i ans .  
SOURCES OF DATA: - X SUBJECT; - X PARENTS; 
- POLICE; J- HOSPITAL; J- WITNESSES; 
- OTHER : 
OTHER COMMENTS : C h i l d  was t a l k a t i v e  u n t i  1 
f a l l  was mentioned, t hen  he would no l onge r  
speak o r  coopera te .  Only w i tnesses were 
o t h e r  young c h i l d r e n .  Unknown t i m e  (up t o  
45 minutes)  elapsed b e f o r e  mother found c h i  
CALCULATED DATA: 
IMPACT VELOCITY: 23 f t . / s e c .  (7 .0  m./sec. ) 
o A I S :  3 
I s s :  13 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 33 
SUBJECT: Male,  19 y r s .  5 mo., 5 ft. 11 i n . ( 1 . 8 0  m), 168 l b s .  ( 7 6 . 2  k g )  
FALL DISTANCE: 28 f t .  3 i n .  ( 8 . 6  m) 
ENVIRONMENT: W i n d o w s i l l  t o  s o i  1  
MAJOR INJURIES: Concuss ion  
SUMMARY: S t u d e n t  f e l l  f r o m  b u i l d i n g  l e d g e ,  f o r w a r d  t h r o u a h  s m a l l  t r e e  b r a n c h e s ,  some 
28 f e e t  t o  t h e  g r a s s  c o v e r e d  s o i l  b e l o w .  T r e e  b r a n c h e s  p r o b a b l y  d i d  n o t  b r e a k  t h e  f a l l .  
S u b j e c t  s u f f e r e d  a b r a s i o n s  and  a  c o n c u s s i o n  r e s u l t i n g  i n  t h r e e  days o f  h o s p i t a l i z a t i o n .  
He i s  f u l l y  r e c o v e r e d .  
FALL CHRONOLOGY: S t u d e n t  was c l i m b i n g  o n t o  b u i l d i n g  l e d g e  o u t s i d e  o f  4 t h  f l o o r  d o r m i t o r y  
window. W h i l e  s t r a i g h t e n i n g  i n t o  s t a n d i n y  p o s i t i o n ,  he  f e l l  f o r w a r d ,  t h r o u g h  some s m a l l ,  
p r o b a b l y  b r i t t l e  t r e e  b ranches ,  t o  t h e  g r a s s  c o v e r e d  s o i l  b e l o w .  The o b s e r v a b l e  b r o k e n  
b ranches  were so s m a l l  t h a t  t h e y  p r o b a b l y  d i d  n o t  b r e a k  t h e  f a l l .  The s u b j e c t  p r o b a b l y  
l a n d e d  on h i s  r i a h t  s i d e  a b o u t  8 f e e t  ( 2 . 4  m) f r o m  b u i l d i n g ,  t h e n  c o l l a o s e d  i m m e d i a t e l y  
o n t o  h i s  f a c e  and head. 
SPECIFIC INJURIES: Concuss ion  [HWKB-21. Lower back p a i n  o n  r i g h t  s i d e  [MIPM-11; a b r a s i o n s  
r i g h t  f r o n t a l  head and r i g h t  face  [FRAI-11; s w o l l e n  nose  w i t h  e p i  t a x i s  [FCHR-11; a b r a s i o n s  
o f  r i g h t  e lbow,  r i g h t  l a t e r a l  l umbar  s p i n e  a r e a ,  and l e f t  hand [ERAI-1, M I A I - 1 ,  WLAI-11; 
s p r a i n e d  m u s c l e  r i g h t  l e g  [YRSM-11; p h y s i c i a n  a l s o  n o t e d  a  t e m p o r a r y  amnesia f o r  t h e  e v e n t ,  
and an abnormal  EEG was r e c o r d e d .  NO f r a c t u r e s .  
RECOVERY : Recovery i s  a p p a r e n t l y  c o m p l e t e .  
SOURCES OF DATA: SUBJECT; PARENTS ; I - 
- POLICE; A HOSPITAL; WITNESSES; 
- OTHER : 
OTHER COMMENTS : S u b j e c t  was severe1  y  i n j u r e d  
(coma 48 h r s . )  i n  a  m o t o r c y c l e  a c c i d e n t  3 112 
months b e f o r e  t h e  f a l l .  Abnormal EEG c o u l d  + 
be r e l a t e d  t o  t h a t  c o n c u s s i o n ,  a l s o .  S u b j e c t  
b e l i e v e d  he was u n c o n s c i o u s  b e f o r e  he  l a n d e d .  
He was w e a r i n g  o n l y  gym s h o r t s  when he  f e l l .  
-- J 
CALCULATED DATA: 
IMPACT VELOCITY: 41 f t . / s e c .  ( 1 2 . 5 m l s e c . )  
W I S :  2 
ISS:  6 
F R E E - F A L L  STUDY CASE REPORT 
CASE NUMBER: 34 
S U B J E C T :  Male,  2 9  y r s ,  h e i g h t  and w e i g h t  unknown 
F A L L  D I S T A N C E :  21 f t  2 i n  (6.5 m) 
ENVIRONMENT:  House r o o f  t o  c o n c r e t e  d r i v e w a y  
MAJOR I N J U R I E S :  Unknown, p o s s i b l e  head i n j u r i e s  and f r a c t u r e d  p e l v i s .  
SUMMARY: S u b j e c t  was s h i n g l i n g  r o o f  o f  a  house when he l o s t  b a l a n c e  and f e l l  21 f e e t  t o  
a  c o n c r e t e  d r i v e w a y .  H e  p r o b a b l y  s u f f e r e d  a  f r a c t u r e d  p e l v i s  and p o s s i b l y  had head 
i n j u r i e s .  He was h o s p i t a l i z e d  2 5  days and  has a p p a r e n t l y  r e c o v e r e d .  
FALL CHRONOLOGY: S u b j e c t  l o s t  h i s  b a l a n c e  somewhere on p i t c h e d  r o o f  and s l i d ,  p r o b a b l y  Drone 
and f e e t - f i r s t ,  o f f  t h e  r o o f .  He l a n d e d ,  p resumab ly  on h i s  s i d e ,  o n  a  c o n c r e t e  d r i v e w a y .  
S P E C I F I C  I N J U R I E S :  D e t a i l e d  i n j u r i e s  a r e  unknown. N e i g h b o r  t h o u g h t  s u b j e c t  had  a  f r a c t u r e d  
p e l v i s  [ P U F S - 9 1 ,  ambulance a t t e n d a n t  r e c a l l e d  head i n j u r i e s  [HUUU-91 ,  b u t  ambulance l o g  had 
no space t o  e n t e r  i n j u r i e s .  
RECOVERY: A p p a r e n t l y  c o m p l e t e  enough t o  be  f u l l y  a m b u l a t o r y  
SOURCES OF D A T A :  - S U B J E C T ;  - PARENTS; 
X P O L I C E ;  - H O S P I T A L ;  - W I T N E S S E S ;  - 
X OTHER: ambulance s e r v i c e ,  n e i g h b o r  - 
OTHER COMMENTS: T h i s  l o c a t i o n  was v i s i t e d  on 
t h r e e  o c c a s i o n s  o v e r  a  p e r i o d  o f  7 months.  
I t  was n o t  e v e r  p o s s i b l e  t o  l o c a t e  t h e  
s u b j e c t  a l t h o u g h  he  was i n  t h e  a r e a .  
CALCULATED DATA:  
I M P A C T  V E L O C I T Y :  36 f t / s e c  (11 .0  m/sec)  
0 A I S :  Unknown 
I S S :  Unknown 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 35 
SUBJECT : Female, 15  months,  34 i n .  ( .86 m.), 25 l b s .  ( 1 1 . 3  k g . )  
FALL DISTANCE: 18 f t .  0  i n .  ( 5 . 5  m.) 
ENVIRONMENT: S t a i r w a y  l a n d i n g  t o  t i l e d  c o n c r e t e  f l o o r .  
MAJOR INJURIES: C e r e b r a l  c o n c u s s i o n ,  p o s s i b l e  s p r a i n  o f  l o w e r  e x t r e m i t i e s  
SUMMARY: S u b j e c t  c r a w l e d  o r  tumb led  s ideways  between r a i l i n g  s t a n c h i o n s  a t  t o p  o f  s t a i r w e l l  
and f e l l  1 9  f e e t  t o  t i l e d  c o n c r e t e  f l o o r .  S u b j e c t  l a n d e d  on r i g h t  s i d e  and was h o s p i t a l i z e d  
f o r  4 days .  S u b j e c t  has c o m p l e t e l y  r e c o v e r e d ,  e x c e p t  f o r  o c c a s i o n a l  s l i g h t  l i m p .  
FALL CHRONOLOGY: C h i l d  was p l a y i n g  i n  t h i r d  f l o o r  h a l l w a y  o f  an a p a r t m e n t  house when she 
c r a w l e d  o r  f e l l  between r a i l i n g  s u p p o r t s  i n t o  an  open s t a i r w e l l .  She f r e e - f e l l  t o  t h e  f i r s t  
f l o o r  l e v e l  and l a n d e d  on  h e r  r i g h t  s i d e  on  a  t i l e d  c o n c r e t e  f l o o r .  
SPECIFIC INJURIES: C e r e b r a l  c o n c u s s i o n  [HRKB-21; p o s s i b l e  s p r a i n  o f  l o w e r  e x t r e m i t i  t i e s  [YWSM-11. 
No e v i d e n c e  o f  e x t e r n a l  t rauma; no  unconsc iousness  a t  scene, though  was b r i e f l y  c y a n o t i c ;  no  
f r a c t u r e s .  
RECOVERY: Complete.  Mother  r e p o r t e d  c h i l d  c o u l d  n o t  wa lk  f o r  t h r e e  days,  had v e r y  s e n s i t i v e  
p e l v i c  a r e a  r i g h t  s i d e .  Occas iona l  s l i g h t  l i m p .  No f e a r  o f  s t a i r s .  
SOURCES OF DATA: 1 SUBJECT; 1 PARENTS; 
- POLICE; 1 HOSPITAL; - WITNESSES; 
- OTHER 
OTHER COMMENTS: C h i l d  was b a s i c a l l y  u n i n j u r -  
ed  i n  t h e  f a l l .  Was h o s p i t a l i z e d  o n l y  f o r  
o b s e r v a t i o n .  
CALCULATED DATA: 
IMPACT VELOCITY: 33 f t . / s e c .  (10 .1  m . / s e c . )  
071s: 2 
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FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 36 
SUBJECT: Male,  18 y r s ,  h e i g h t  and  w e i g h t  unknown 
FALL DISTANCE:  63 f t  ( 1 9 . 2  m) 
ENVIRONMENT: 7 t h  f l o o r  h o t e l  window t o  a s ~ h a l t  p a r k i n g  l o t  
MAJOR I N J U R I E S :  F a t a l  a f t e r  f o u r  h o u r s  
SUMMARY: S u b j e c t  a ~ ~ a r e n t l y  jumped f r o m  f rom 7 t h  f l o o r  h a l l w a y  window i n  h o t e l .  He l a n d e d  on 
a s n h a l t  p a r k i n g  l o t  be low.  He e x p i r e d  f o u r  h o u r s  l a t e r  i n  h o s n i t a l .  
FALL CHRONOLOGY: S e v e r a l  w i t n e s s e s  saw t h e  i m n a c t  b u t  no  one was f o u n d  t h a t  saw t h e  s u b j e c t  
l e a v e  t h e  window. He p r o b a b l y  c l i m b e d  uaon a  s t e e l  r a i l i n g  i n  an u n g l a z e d  window o p e n i n g  and 
jumped, f a c i n g  ou tward .  He was d e s c r i b e d  a s  f a l l i n g  w i t h o u t  t u m b l i n g ,  l a n d i n g  on  s i d e ,  f e e t ,  
l e g s  and h i p  f i r s t ,  t h e n  head. F i r s t  i m p a c t  p o i n t  was 1 6 ' 6 "  (5 .0 rn) f r o m  s i d e  o f  b u i l d i n g .  
He bounced and came t o  r e s t  2 3 ' 6 "  ( 7 . 2  m) f rom b u i l d i n g ,  i n  a  p r o n e  ~ o s i t i o n  w i t h  h i s  l e f t  
arm t u r n e d  under  h i s  body.  
S P E C I F I C  I N J U R I E S :  F o u r  t e e t h  a v u l s e d ,  m a j o r  i n j u r i e s  unknown. Newpaper r e p o r t e d  head and 
i n t e r n a l  i n j u r i e s  and mu1 t i a l e  f r a c t u r e s .  
RECOVERY: F a t a l  a f t e r  f o u r  h o u r s .  
SOURCES OF DATA:  - SUBJECT; - PARENTS; 
P O L I C E ;  - H O S P I T A L ;  2 WITNESSES; - 
- OTHER : 
OTHER COMMENTS: F a l l  l i s t e d  as s u i c i d e .  
Po l  i c e  and m e d i c a l  r e p o r t s  n o t  a v a i l a b l e .  
CALCULATED DATA: 
IMPACT VELOCITY:  61 f t / s e c  (18 .6  m/sec)  
O A I S :  6  
I S S :  N / A  
CASE NUMBER: 37 
SUBJECT: Male, 4 y r s .  7 mos., h e i g h t  unknown, 43 l b s .  (19.5 kg.) 
FALL DISTANCE: 21 ft. 0 i n .  (6 .4  m.) 
ENVIRONMENT: Windowsi 11 t o  conc re te  c o u r t y a r d  
MAJOR INJURIES: No major  i n j u r i e s .  
SUMMARY: Boy was p l a y i n g  on bed near  open screened window. He f e l l  a g a i n s t  t h e  screen, 
which loosened. Sub jec t  then f e l l  th rough t h e  window, 21 f e e t  t o  conc re te  p a t i o  below. 
The boy rece i ved  minor  i n j u r i e s ,  no f r a c t u r e s .  He was n o t  admi t t ed  t o  a  h o s p i t a l  and has 
f u l  l y  recovered. 
FALL CHRONOLOGY: C h i l d  was p l a y i n g  on bed near  open screened window o f  h i s  second f l o o r  
res idence.  He j a r r e d  t h e  screen l oose  and f e l l  f rom t h e  w i n d o w s i l l ,  th rough a  35 i n c h  
opening, t o  a concre te  p l a y  area access ib le  o n l y  f rom w i t h i n  t he  b u i l d i n g .  He probab ly  
landed on h i s  l e f t  s i d e  and r o l l e d .  
SPECIFIC INJURIES: M u l t i p l e  minor  abras ions o f  l e f t  hand and forearm [WLAI-1, RLAI-1 I. 
Minor  ab ras ion  t o  l e f t  s i d e  o f  head [HLAI-11. 
RECOVERY : Fu l  l y  recovered. 
SOURCES OF DATA: X_ SUBJECT; -X PARENTS; I 1 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 38 
SUBJECT: Male, 43 y r s .  8 mos., 5 ft. 11 i n .  (1.80 m.), 170 l b s .  (77.1 kg . )  
FALL DISTANCE: 12 ft. 5 i n .  ( 3 . 8  m.) 
ENVIRONMENT:  oft access door  t o  c o n c r e t e  garage f l o o r .  
MAJOR INJURIES: F r a c t u r e s  o f  lumbar v e r t e b r a e ,  e lbow and w r i s t .  
SUMMARY: S u b j e c t  was c l i m b i n g  i n t o  a t t i c  l o f t  when t h e  e x t e n s i o n  l a d d e r  he was on sudden ly  
c l o s e d ,  caus ing  h im t o  f a l l  12 112 f e e t  t o  a c o n c r e t e  garage f l o o r .  He was h o s p i t a l i z e d  f o r  
one month w i t h  f r a c t u r e s  o f  t h e  I-1 v e r t e b r a ,  l e f t  e lbow and l e f t  w r i s t .  He has recovered  most 
o f  h i s  f u n c t i o n  and i s  w a l k i n g ,  b u t  s t i l l  undergo ing  r e h a b i l i t a t i v e  t h e r a p y  f o r  h i s  arm and 
i s  l i m i t e d  i n  work c a p a b i l i t y .  
FALL CHRONOLOGY: S u b j e c t  was c l i m b i n g  f rom e x t e n s i o n  l a d d e r  t h r o u g h  l o f t  access door  i n  h i s  
a u t o  r e p a i r  garage.  He had one l e g  on t h e  door  s i l l  and t h e  o t h e r  on t h e  l a d d e r ,  when t h e  
e x t e n s i o n  l a d d e r  suddenly c l o s e d ,  c a u s i n g  h im t o  l o s e  h i s  ba lance .  S u b j e c t  f e l l  backwards 
o f f  l a d d e r  t o  c o n c r e t e  f l o o r  below.  S u b j e c t ' s  w i f e  w i tnessed  t h e  f a l l ,  n o t i n g  t h a t  he s t r u c k  
f l o o r  f e e t  f i r s t ,  f e l l  o n t o  h i s  back ( a p p a r e n t l y  w i t h  h i s  l e f t  arm ex tended) ,  h i t  h i s  head, 
then  r o l l e d  t o  h i s  l e f t  s i d e .  
SPECIFIC INJURIES: Severe compression f r a c t u r e  o f  L l  w i t h  d isp lacement  o f  t h e  a n t e r i o r  p o r -  
t i o n  a n t e r i o r l y  [BIFv-31;  u n d i s p l a c e d  f r a c t u r e  o f  l e f t  c a r p a l  n a v i c u l a r  bone [WLFJ-21; de- 
ve loped adynamic i l e u s  f o r  f o u r  days [MIPP-21; f r a c t u r e  o f  l e f t  e lbow [ELFJ-21; c o n t u s i o n s  
o f  r i g h t  a n k l e  [QRCI-11. No l o s s  o f  consciousness.  
RECOVERY: N e a r l y  r e c o v e r e d  by f o u r  months a f t e r  f a l l ,  though s t i l l  had back p a i n  and d a i l y  
arm t h e r a p y .  By e i g h t  months a f t e r  f a l l  was w o r k i n g  b u t  n o t  l i f t i n g ,  no back p a i n ,  b u t  
cannot  bend o v e r ;  c o n t i n u i n g  arm t h e r a p y .  
SOURCES OF DATA: - X SUBJECT; - PARENTS; 
- POLICE; Y_ HOSPITAL; - X WITNESSES; 
- OTHER: 
OTHER COMMENTS: S u b j e c t ' s  f e e t  may have con-  
t a c t e d  l a d d e r ,  b u t  l a d d e r  p r o b a b l y  caused 
o n l y  t h e  a n k l e  c o n t u s i o n .  S u b j e c t ' s  w i f e  
r e p o r t e d  he had had a " r e l i g i o u s  exper ience"  
c o n s i s t i n g  o f  s e v e r a l  v i s i o n s  d u r i n g  f a l l  
and h o s p i t a l i z a t i o n .  
CALCULATED DATA: 




FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 39 
SUBJECT : Ma le ,  20 y r s .  7 mos., 5 f t .  11 i n .  ( 1 . 8 0  m. ) ,  190 l b s .  (86.2 k g . )  
FALL DISTANCE: 1 9  f t .  ( 5 . 8  in.) 
ENVIRONMENT: S c a f f o l d i n g  t o  c o n c r e t e  s i d e w a l k .  
MAJOR INJURIES: F r a c t u r e s  of  l e f t  u l n a  and r a d i u s ,  m u l t i p l e  f r a c t u r e s  o f  l e f t  h e m i p e l v i s ,  
jammed l e f t  w r i s t ,  and r i g h t  pneumothorax.  
SUMARY: S u b j e c t  was w a l k i n g  on  a  moveable s c a f f o l d i n g  when a  f l o o r i n g  p l a n k  snapped sudden- 
l y .  He p i t c h e d  f o r w a r d  and f e l l  1 9  f e e t  o n t o  a  s i d e w a l k .  He r e c e i v e d  a  compound f r a c t u r e  
o f  t h e  l e f t  u l n a ,  a  m i d s h a f t  f r a c t u r e  o f  t h e  l e f t  r a d i u s ,  t h r e e  f r a c t u r e s  o f  t h e  l e f t  hemi- 
p e l v i s ,  a  jammed l e f t  w r i s t ,  a  r i g h t  pneumothorax,  and m i n o r  a b r a s i o n s .  H o s p i t a l i z e d  17 days,  
s t i l l  i n  t h e r a p y .  N o t  f u l l y  r e c o v e r e d  a s  y e t .  
FALL CHRONOLOGY: S ~ b ~ j e c t  was w a l k i n g  on  s c a f f o l d  when p l a n k  sudden ly  snapped, t h r o w i n g  h im 
f o r w a r d .  He ex tended  h i s  l e f t  hand as he f e l l  and l a n d e d  on a  c o n c r e t e  s i d e w a l k .  He im- 
p a c t e d  f i r s t  w i t h  h i s  l e f t  hand, t h e n  l e f t  h i p .  He r o l l e d  and came t o  r e s t  a g a i n s t  a  p i l e  
o f  d i r t ,  some o f  w h i c h  c o n t a m i n a t e d  t h e  open f r a c t u r e  o f  h i s  l e f t  arm. 
SPECIFIC INJURIES: F r a c t u r e  o f  l e f t  r a d i u s  a t  m i d - s h a f t  [RLFS-21; two f r a c t u r e s  o f  l e f t  u l n a - -  
o b l i q u e  i n  d i s t a l  s h a f t ,  b a d l y  comminuted i n  d i s t a l  a r t i c u l a r  s u r f a c e  [RLFS-31; t h r e e  f r a c -  
t u r e s  o f  l e f t  hemi pelvis--superior i l i a c  m a r g i n  w i t h  s e p a r a t i o n  o f  s a c r o i l i a c  j o i n t ,  upper  
l e f t  il ium, and l e f t  i n f e r i o r  p u b i c  ramus [PLFS-3, PPDJ-31; r i g h t  s i d e  pneumothorax (30% 
c o l l a p s e )  [CROP-31; jammed l e f t  w r i s t  [WLSJ-21; a b r a s i o n s  l e f t  l a t e r a l  t h i g h  [PLAI-11.  
RECOVERY: P a r t i a l ,  as o f  11 weeks a f t e r  f a l l .  L e f t  w r i s t  i s  s t i l l  p i n n e d  and c a s t e d .  S t i l l  
u s i n g  c r u t c h e s .  D a i l y  t h e r a p y  f o r  arm and f o r  w a l k i n g .  
SOURCES OF DATA: __X: SUBJECT; - PARENTS; 
- POLICE; - x HOSPITAL; - WITNESSES; 
-- OTHER : 
OTHER COMMENTS : R a d i o l o g ~ s t  f o u n d  no  d e f  i n i  t t  
e v i d e n c e  o f  r i b  f r a c t u r e ,  b u t  s u b j e c t  had a  
pneuwothorax.  D i d n ' t  e x p e c t  t o  r e t u r n  t o  




IMPACT VELOCITY: 35 f t . / s e c .  (10 .7  m. /sec . )  
I A I S :  3 
ISS:  1 9  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 40 
SUBJECT: Male, 8 y r s .  11 mos., 4 ft. 6 i n .  (1.37 m.),  66 l b s .  ( 2 9 . 9  k g . )  
FALLDISTANCE: 6 f t .  1 i n .  ( 1 . 9 m . )  
ENVIRONMENT: C lo thespo le  t o  concre te  dr iveway. 
MAJOR INJURIES : Cerebral  concussion, shock. 
SUMMARY: C h i l d  was p l a y i n g  and at tempted t o  c rawl  on t o p  o f  a h o r i z o n t a l  c l o t h e s l i n e  po le  
which spans a concre te  dr iveway. He f e l l  o f f  t he  po le ,  s i x  f e e t ,  t o  t h e  dr iveway, s u s t a i n i n g  
abrasions t o  t h e  r i g h t  s i d e  o f  h i s  head, ce reb ra l  concussion and shock. C h i l d  was h o s p i t a l -  
i z e d  f o r  t h r e e  days. Recovery i s  appa ren t l y  complete, w i t h  no problems a t  school  o r  p lay .  
FALL CHRONOLOGY: C h i l d  at tempted t o  c rawl  on t o p  o f  a c l o t h e s  po le  c rossbar .  The c lo thespo le  
spans a concre te  dr iveway, h i g h  enough t o  d r i v e  under. C h i l d  probab ly  f e l l  from an " a l l -  
fours"  p o s i t i o n ,  l a n d i n g  head f i r s t  on t h e  r i g h t  s i d e  o f  h i s  head. He impacted t h e  f o u r  
i n c h  (10.2 cm.) t h i c k  concre te  dr iveway. 
SPECIFIC INJURIES: Cerebral  concussion [HRKB-21; f a c i a l  contus ions and abras ions r i g h t  molar 
reg ion  [FRAI-1, FRCI-I]. 
RECOVERY: Complete. Had r a p i d  recovery  i n  t he  h o s p i t a l ,  no c o n t i n u i n g  ill e f f e c t s .  
SOURCES OF DATA: - SUBJECT; X PARENTS; 
- POLICE; _2! HOSPITAL; - WITNESSES; 
- OTHER: 
OTHER COMMENTS : 
CALCULATED DATA: 
IMPACT VELOCITY: 18 f t . / s e c .  ( 5 . 5  rn./sec) 
OAIS: 2 
ISS: 5 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 41 
SUBJECT: Male,  57 y r s .  11 mos., 5  ft. 1 0  i n .  (1 .75  m.) ,  145 l b s .  ( 6 5 . 8  k g . )  
FALL DISTANCE: 15 f t .  6  i n .  ( 4 . 7  m. ) .  
ENVIRONMENT: E a v e s t r o u g h  and l a d d e r  t o  d r i v e w a y  and l a d d e r .  
MAJOR INJURIES: F r a c t u r e d  n a s a l  bones, f r a c t u r e d  humerus and knee, l a c e r a t i o n s  a round  eyes.  
SUMMARY: S u b j e c t  f e l l  f r o m  a  l a d d e r  w h i l e  c l e a n i n g  l e a v e s  f rom t h e  g u t t e r s  o f  h i s  r e s i d e n c e .  
Wooden l a d d e r  was l e a n i n g  a g a i n s t  a  w a l l  when i t  s l i p p e d ,  c a u s i n g  t h e  s u b j e c t  t o  f a l l  a b o u t  
15  f e e t  o n t o  b o t h  t h e  l a d d e r  and a s p h a l t .  I n j u r i e s  i n c l u d e d  f r a c t u r e d  n a s a l  bones, r i g h t  
humerus and l e f t  knee, and l a c e r a t i o n s  of  r i g h t  eyebrow and e y e l  i d .  Most  i n j u r i e s  were p r o b -  
a b l y  s u s t a i n e d  f rom i m p a c t  w i t h  t h e  l a d d e r .  S u b j e c t  was h o s p i t a l i z e d  f o r  s i x  days.  Recovery 
i s  c o m p l e t e  e x c e p t  f o r  l i m i t e d  r a n g e  o f  m o t i o n  o f  r i g h t  arm. 
FALL CHRONOLOGY: S u b j e c t  was s t a n d i n g  p a r t w a y  up t h e  l a d d e r ,  r e a c h i n g  up t o  c l e a n  l e a v e s  
f r o m  t h e  g u t t e r .  The base o f  t h e  l a d d e r  s l i p p e d  back and t h e  l a d d e r  d ropped  s t r a i g h t  down. 
S u b j e c t  hung m o m e n t a r i l y  f r o m  g u t t e r ,  t h e n  f r e e - f e l l ,  s t r i k i n g  b o t h  t h e  a s p h a l t  and t h e  l a d -  
d e r  as he l a n d e d .  S u b j e c t  f e l t  t h a t  h i s  nose and s h o u l d e r  h i t  l a d d e r  r u n g s  and t h a t  h i s  knee 
s t r u c k  l a d d e r  r a i l .  B roken  s a f e t y  g l a s s e s  may have l a c e r a t e d  t h e  eyebrow. 
SPECIFIC INJURIES: F r a c t u r e d  n a s a l  bones, depressed  [FCFR-21; comminuted f r a c t u r e ,  p r o x i m a l  
neck  o f  r i g h t  humerus [ARFS-31; s t e l l a t e  f r a c t u r e  o f  l e f t  p a t e l l a  [KLFJ-21; complex 5  cm. l a c -  
e r a t i o n  o f  r i g h t  eyebrow and e y e l  i d  [FRLE-21. 
RECOVERY: Complete e x c e p t  f o r  l i m i t e d  r a n g e  o f  m o t i o n  o f  r i g h t  arm. 
SOURCES OF DATA: 1 SUBJECT'; - PARENTS; 
- POLICE; X_ HOSPITAL; - WITNESSES; 
1 OTHER: S u b j e c t ' s  w i f e .  
OTHER COMMENTS: D i f f i c u l t  t o  a s s i g n  f a l l  
h e i g h t  s i n c e  s u b j e c t ' s  f a l l  was complex.  
Most  i n j u r i e s  a p p a r e n t l y  caused by c o n t a c t  
w i t h  l a d d e r .  S u b j e c t  has had two  lumbar  
d i s k  o p e r a t i o n s - - t h i s  f a l l  caused no c o m p l i  
c a t i o n s .  
CALCULATED DATA: 
IMPACT VELOCITY: 31 f t . / s e c .  ( 9 . 5  m./sec.)  
041s: 3  
ISS:  17 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 42 
SUBJECT: Ma le  11 y r s .  11 mos., 5 ft. (1.52 m.), 85  l b s .  (38.6 k g . )  
FALL DISTANCE: 17 f t .  6 i n .  ( 5 . 3  m.) 
ENVIRONMENT: S t a i r w e l l  o f  b u i l d i n g  under  c o n s t r u c t i o n  f r o m  second l e v e l  t o  c o n c r e t e .  
MAJOR INJURIES: F r a c t u r e d  sku1 1, concuss ion ,  f r a c t u r e d  arm. 
WMMARY: Boy was l e a v i n g  shopp ing  c e n t e r  w i t h  f r i e n d s ,  p a s s i n g  by a new s t o r e  under  c o n s t r u c -  
t i o n .  He became s e p a r a t e d  f r o m  t h e  g roup  and f e l l ,  unseen, i n t o  an  u n f i n i s h e d  s t a i r w e l l  open- 
i n g ,  17 f e e t ,  f r o m  second l e v e l  t o  f i r s t  l e v e l .  He was unconsc ious  f o r  up  t o  s e v e r a l  days,  
and h i s  i n j u r i e s  i n c l u d e d  concuss ion ,  s k u l l  f r a c t u r e  and r i g h t  f o r e a r m  f r a c t u r e .  He was hos- 
p i t a l i z e d  f o r  more t h a n  t h r e e  weeks. H i s  r e t u r n  t o  schoo l  i s  hampered by speech and memory 
o r o b l  ems. 
FALL CHRONOLOGY: Boy f e l l  unseen i n t o  an  open, u n f i n i s h e d  emergency e x i t  s t a i r w e l l  a t  a new 
s t o r e  under  c o n s t r u c t i o n  a t  an e x i s t i n g  shopp ing  c e n t e r .  He p r o b a b l y  s t e p p e d  f o r w a r d  i n t o  
t h e  u n l i g h t e d  open ing ,  and p r o b a b l y  l a n d e d  on  h i s  head and r i g h t  arm. The s t a i r s  were n o t  
y e t  i n s t a l l e d ,  so he f r e e - f e l l  t o  t h e  s i x  i n c h  ( 1 5  cm.) t h i c k  c o n c r e t e  f l o o r .  
SPECIFIC INJURIES: I n j u r y  i n f o r m a t i o n  was p r o v i d e d  by s u b j e c t ' s  g r a n d p a r e n t s ,  w i t h  whom he 
l i v e s .  I n j u r i e s  c o n s i s t  o f  f r a c t u r e d  s k u l l ,  n o t  depressed ,  c o n c u s s i o n  w i t h  unconsc iousness  
f o r  up t o  s e v e r a l  days ( g r a n d p a r e n t s  s a i d  f i v e )  [HUKB-51; f r a c t u r e d  r i g h t  f o r e a r m  [RRFS-31; 
a s c a l p  l a c e r a t i o n  [HULI-11; and c o n t u s i o n s  o f  t h e  r i g h t  arm and r i g h t  a n k l e  [XRCI-2, QRCI-11. 
RECOVERY: I n  c o o r d i n a t i o n  and appearance s u b j e c t  i s  c o m p l e t e l y  norma l .  Some speech d e f i c i e n c y  
and memory p rob lems rema in .  Had n o t  r e t u r n e d  t o  s c h o o l  ( e i g h t  weeks a f t e r  f a l l ) .  
SOURCES OF DATA: - x SUBJECT'; PARENTS; - 
- POLICE; - HOSPITAL; - WITNESSES; 
A OTHER: Grandparen ts ,  c o n s t r u c t i o n  super -  
v i s o r  
OTHER COMMENTS: Cou ld  n o t  o b t a i n  s i g n e d  med- 
i c a l  r e l e a s e  due t o  p e n d i n g  l i t i g a t i o n .  
CALCULATED DATA: 
IMPACT VELOCITY: 33 f t . / s e c .  (10 .1  m./sec.  ) 
OAIS: 5 
ISS:  38 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 43 
SUBJECT : Ma le ,  7 y r s ,  h e i g h t  and w e i g h t  unknown. 
FALL DISTANCE: 12 f t .  8  i n .  ( 3 . 9  m. ) .  
ENVIRONMENT: B a l c o n y  r a i l  t o  s o i l  o r  c o n c r e t e  
MAJOR INJURIES : F r a c t u r e d  w r i s t s .  
SUMMARY: Boy a p p a r e n t l y  c l i m b e d  o n t o  a  b i c y c l e  w h i c h  was l e a n i n g  a g a i n s t  t h e  b a l c o n y  o f  h i s  
a p a r t m e n t  b u i l d i n g  r e s i d e n c e .  The c h i l d  f e l l  o v e r  t h e  r a i l i n g  a p p r o x i m a t e l y  12.5 f e e t  t o  t h e  
s u r f a c e  below,  i m p a c t i n g  e i t h e r  s o i l  o r  c o n c r e t e .  I n j u r i e s  i n c l u d e d  f r a c t u r e d  w r i s t s .  The 
c h i l d  was h o s p i t a l i z e d  f o r  two days .  Recovery  i s  unknown. 
FALL CHRONOLOGY: C h i l d  f e l l  f r o m  s e c o n d - f l o o r  b a l c o n y  r a i l i n g ,  a p p a r e n t l y  a f t e r  c l i m b i n g  on 
a b i c y c l e .  He p r o b a b l y  f e l l  f o r w a r d  o f f  t h e  b a l c o n y  and a t t e m p t e d  t o  b r e a k  h i s  f a l l  by e x t e n d -  
i n g  h i s  arms. He c o u l d  have l a n d e d  e i t h e r  on c o n c r e t e  p a v i n g  b l o c k s  o r  on g r a s s y  s o i l .  P o l i c e  
r e p o r t s  i n d i c a t e s  l y i n g  f a c e  down when found .  
SPECIFIC INJURIES : F r a c t u r e s  o f  b o t h  w r i s t s  [WBFJ-21; any o t h e r  i n j u r i e s  unknown. 
RECOVERY : Unknown. 
SOURCES OF DATA: - SUBJECT; - PARENTS; 
X POLICE; - HOSPITAL; - WITNESSES; -
- OTHER : 
OTHER COMMENTS: Mother  was n o t  l o c a t e d  a t  
home d e s p i t e  r e p e a t e d  a t t e m p t s .  Apar tment  
n e i g h b o r s  had no  u s e f u l  i n f o r m a t i o n .  
CALCULATED DATA: 
IMPACT VELOCITY: 28 f t . / s e c .  ( 8 . 5  m l s e c )  
041s: 2 
ISS: 4 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 4 4  
SUBJECT : Female, 8 y r s . ,  h e i g h t  and weight  unknown. 
FALL DISTANCE: Up t o  13 ft. 10 i n .  (4.2 m.) 
Concrete r e t a i n i n g  w a l l  t o  concre te  pa rk ing  ramp. 
INJURIES: sku1 1  f r a c t u r e .  
SUMMARY: C h i l d  f e l l  f rom the  t o p  o f  a  concre te  w a l l  t o  t h e  pa rk ing  ramp ent rance f o r  an 
underground garage. Depending upon where she was on t h e  w a l l  when she f e l l ,  t he  c h i l d ' s  f a l l  
was from s i x  t o  14 f e e t .  She susta ined a  f r a c t u r e d  s k u l l  and was h o s p i t a l i z e d  f o r  n i n e  days. 
She re tu rned  t o  school ,  bu t  had n o t  f u l l y  recovered. 
FALL CHRONOLOGY: D e t a i l s  are  v i r t u a l l y  unknown. The c h i l d  was  appa ren t l y  u l a y i n g  on the  top  
an e i g h t  i nch  (20.3 cm.) wide concre te  r e t a i n i n g  w a l l  which surrounds t h e  entrance t o  an 
undergound pa rk ing  garage. The ent rance ramp slopes, and s ince  the p rec i se  l o c a t i o n  o f  t he  
f a l l  i s  unknown, i t  cannot be determined how f a r  she f e l l .  She landed on concre te ,  o r  pos- 
s i b l y  on a  metal  d r a i n  g r a t e  a t  t he  bottom of t he  ramp. 
SPECIFIC INJURIES: B a s i l a r  s k u l l  f r a c t u r e  [HIFS-21. According t o  newspaper r e p o r t ,  she was 
conscious immediately a f t e r  t h e  f a l l .  
RECOVERY: She re tu rned  t o  school  approx imate ly  one month a f t e r  t he  f a l l .  Whi le she was pro-  
gress ing s a t i s f a c t o r i l y ,  she was n o t  a t  t h a t  t ime  comple te ly  normal. 
SOURCES OF DATA: - SUBJECT; - PARENTS; 
- POLICE; - HOSPITAL; - WITNESSES; 
X OTHER: Newspaper, school p r i n c i p a l .  - 
OTHER COMMENTS: The s u b j e c t ' s  res idence 
changed a f t e r  t h e  f a l l  and, d e s ~ i t e  repeated 
at tempts,  he r  Parents cou ld  n o t  be contac ted 
d i r e c t l y .  
CALCULATED DATA: 
IMPACT VELOCITY: 29 f t . / s e c .  (8.8 m./sec.) 





FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 45 
SUBJECT: Female, 4  y r s  7 mo, 3  f t  3  i n  (0.99 m), 35 l b s  (15.9  kg) 
FALL DISTANCE: 37 ft 5 i n  (11.4  m) 
ENVIRONMENT: Windowsi 11 t o  s t e e l  r a i  1  i n g  t o  conc re te  
MAJOR INJURIES: F rac tu res  o f  s k u l l ,  t h o r a c i c  sp ine,  r i g h t  humerus and elbow, l e f t  r a d i u s  
and u lna,  and l e f t  t i b i a  and f i b u l a .  
SUMMARY: C h i l d  c l imbed f rom bed on to  w i n d o w s i l l ,  opened window and leaned a g a i n s t  screen. 
Screen came loose and she f e l l  f r om 5 th  f l o o r  bedroom window some 37 f t  i n t o  a  concre te  
s t a i r w e l l ,  p robab l y  f i r s t  s t r i k i n g  a  r a i l i n g  bes ide  t h e  s t a i r w e l l .  She sus ta ined  f r a c t u r e s  
o f  t h e  s k u l l ,  t h o r a c i c  sp ine,  r i g h t  humerus and olecranon, l e f t  r ad ius  and u lna,  and l e f t  
t i b i a  and f i b u l a  a t  bo th  p rox ima l  ends and m idsha f t ,  and sus ta ined  m u l t i p l e  o t h e r  scra tches 
and b r u i s e s .  C h i l d  i s  recove r i ng  a l though t h e r e  was some p o s s i b i l i t y  o f  sensory l o s s  i n  
r i g h t  l e g .  
FALL CHRONOLOGY: C h i l d  appa ren t l y  c l imbed on to  t h e  w i n d o w s i l l  i n  h e r  5 t h  f l o o r  bedroom and 
opened the  window. She was probab ly  k n e e l i n g  on t h e  w i n d o w s i l l  and l e a n i n g  a g a i n s t  t h e  screen 
when i t  d i s l odged  and she f e l l  th rough t h e  window opening. The n a t u r e  and l o c a t i o n  o f  i n j u r -  
i e s  i n d i c a t e  t h a t  she p robab l y  s t r u c k  a  s t e e l  r a i l i n g  bes ide t h e  s t a i r w e l l  and came t o  r e s t  
on he r  r i g h t  s i d e  i n  the  concre te  s t a i r w e l l .  The s u b j e c t  p robab ly  contac ted t h e  t o p  o f  t h e  
r a i l i n g  w i t h  t he  r i g h t  s i d e  o f  h e r  head and r i g h t  upper arm then r o t a t e d  so t h a t  she s t r u c k  t h e  
SPECIFIC INJURIES: concre te  w i t h  l e f t  l e g  and arm. 
Nondepressed l ong  1  i n e a r  f r a c t u r e  o f  r i g h t  f r o n t a l  bone, comatose o r  semi -comatose f o r  7  h r s  
[HRKB-41; compression f r a c t u r e s  o f  T-3-4-5 ver tebrae,  w i t h  a n t e r i o r  wedging [BSFV-31; d i s -  
p laced f r a c t u r e s  o f  d i s t a l  r i g h t  humerus [ARFS-31 and d i s t a l  l e f t  u l na  [RLFS-31, d i sp laced  
double f r a c t u r e s  o f  l e f t  t i b i a  and f i b u l a  [LLFS-41; und isp laced f r a c t u r e  r i g h t  o lecranon 
and l e f t  r a d i u s  [ERFJ-2, RLFS-21; abras ions t o  fo rehead and back [FSAI-1, BSAI-11, l a c e r a t e d  
RECOVERY : tongue [FILD-11. 
As o f  5% weeks a f t e r  f a l l ,  c h i l d  was s t i l l  h o s p i t a l i z e d  w i t h  cas t s  on r i g h t  arm and l e f t  
l e g .  Poss ib le  parapares is  o r i g i n a t i n g  a t  T-10,extent would n o t  be known f o r  another  2  months. 
X OTHER: Newspaper - 
SOURCES OF DATA: X SUBJECT; PARENTS; 
X POLICE; X HOSPITAL; - WITNESSES; - 
OTHER COMMENTS: May have been some snow 
a t  t ime o f  f a l l ,  b u t  i f  so i t  would n o t  




IMPACT VELOCITY : 48 f t / s e c  (14.6 m/sec) 




FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 46 
SUBJECT : Male, 14 y r s .  10 mos., 5  ft. 5  i n .  (1.65 m.),  100 l b s .  (45.4 k g . )  
FALL DISTANCE: 23 f t .  0  i n .  ( 7 .0  m. ) .  
ENVIRONMENT: T h i r d  f l o o r  po rch  r a i  1 i n g  t o  a s p h a l t  s i dewa lk .  
MAJOR INJURIES: Contus ion o f  r i g h t  h i p  area.  
SUMMARY: Sub jec t  was s tand ing  on lower  p a r t  of porch r a i l  o f  h i s  t h i r d  f l o o r  apartment r e s i -  
dence, l e a n i n g  over  t h e  s i d e .  The lower  r a i l  gave way suddenly,  f l i p p i n g  him over  t h e  t o p  r a i l ,  
caus ing him t o  f a l l  23 f e e t  t o  a s p h a l t  s idewalk .  Sub jec t  r ece i ved  a  contused r i g h t  h i p  and an 
abras ion on t h e  c h i n .  He was h o s p i t a l i z e d  f o r  t h r e e  days and has recovered comp le te l y  except 
f o r  occas iona l  soreness i n  t h e  h i p .  
FALL CHRONOLOGY : Sub jec t  f e l l  f rom t h i r d - s t o r y  porch,  between two b u i l d i n g s  t h a t  a r e  separ- 
a ted  by o n l y  38 inches ( 9 7  cm). The s u b j e c t  was s tand ing  w i t h  h i s  f e e t  on t h e  bot tom r a i l  
o f  t h e  porch r a i l i n g ,  l e a n i n g  a g a i n s t  t h e  t o p  r a i l i n g .  He was bent  over  t h e  r a i l  l o o k i n g  
toward t h e  back o f  t h e  b u i l d i n g  when t h e  r o t t e d  lower  r a i l  broke loose,  caus ing him t o  p i v o t  
over  t h e  t o p  r a i l i n g  and f a l l .  Sub jec t  landed on h i s  r i g h t  h i p  on t h e  a s p h a l t  sur face.  He 
appa ren t l y  d i d  n o t  c o n t a c t  t h e  o t h e r  nearby b u i l d i n g  as he f e l l .  
SPECIFIC INJURIES: Contusion o f  r i g h t  h i p  i n  area o f  g r e a t e r  t r o c h a n t e r  [PRCI-11; abras ions 
o f  t h e  c h i n  and r i g h t  knee [F IAI -1 ,  KRAI-11. Sub jec t  cou ld  n o t  walk f o r  approx imate ly  24 
hours a f t e r  f a l l .  
RECOVERY: Complete except  f o r  occas iona l  soreness (as o f  f o u r  weeks a f t e r  f a l l ) .  
SOURCES OF DATA: X SUBJECT; PARENTS; 
X POLICE; J- HOSPITAL; - WITNESSES; - 
- OTHER : 
OTHER COMMENTS : 
CALCULATED DATA: 
IMPACT VELOCITY: 38 f t . / s e c .  (11.6 m./sec.) 
OA IS :  1  
ISS: 1  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 47 
SUBJECT : Male,  25 y r s .  9  mos., 5 ft. 8  i n .  (1 .74  m.), 195 l b s .  (88 .5  k g . ) .  
FALL DISTANCE: 23 ft. 4 i n .  ( 7 . 1  m. )  t o t a l  f a l l .  
ENVIRONMENT: House r o o f  t o  p o r c h  r o o f  t o  c o n c r e t e  s i d e w a l k .  
MAJOR INJURIES: M u l t i p l e  s k u l l  f r a c t u r e s ,  c o n c u s s i o n ,  f r a c t u r e  of  v e r t e b r a l  body, hemo- 
tympanum. 
SUMMARY: S u b j e c t  was s t a n d i n g  on  n a r r o w  p l a n k  s c a f f o l d  on  p i t c h e d  r o o f ,  w o r k i n g  on chimney,  
when s c a f f o l d i n g  s u d d e n l y  c o l l a p s e d  f l a t  a g a i n s t  t h e  r o o f .  S u b j e c t  s l i d  o f f  t h e  r o o f ,  f a l l i n g  
a p p r o x i m a t e l y  1 0  f e e t  ( 3 . 0  m.) s t r i k i n g  a  p o r c h  r o o f .  He t h e n  f e l l  an  a d d i t i o n a l  13 112 f e e t  
( 4 . 1  m.) f r o m  p o r c h  r o o f  t o  c o n c r e t e  s i d e w a l k .  He s u s t a i n e d  m u l t i p l e  s k u l l  f r a c t u r e s  i n  t h e  
o c c i p i t a l  a r e a ,  c o n c u s s i o n ,  a  compress ion  f r a c t u r e  o f  L-5 v e r t e b r a l  body, a  r i g h t  hemotympanum, 
and mu1 t i p l e  a b r a s i o n s .  He was h o s p i t a l i z e d  e i g h t  days .  Recovery  appears  t o  be comple te .  
FALL CHRONOLOGY: S u b j e c t  was s t a n d i n g  on  s c a f f o l d  n e a r  peak o f  r o o f .  S c a f f o l d  b r a c e  sudden ly  
c o l l a p s e d  and p l a n k i n g  f e l l  f l a t  a g a i n s t  t h e  r o o f .  S u b j e c t  p i t c h e d  f o r w a r d  and s l i d  f a c e  down 
and f e e t  f i r s t  o f f  t h e  edge. He f e l l  t o  a  p o r c h  r o o f ,  p r o b a b l y  l a n d i n g  f e e t - f i r s t ,  t h e n  
f a l l i n g  t o  a  s i t t i n g  p o s i t i o n .  He c o n t i n u e d  o f f  t h e  p o r c h  r o o f  and l a n d e d  on  h i s  back,  s t r i k -  
i n g  t h e  back o f  h i s  head on a  c o n c r e t e  s i d e w a l k .  
SPECIFIC INJURIES: L i n e a r  l e f t  o c c i p i t a l  s k u l l  f r a c t u r e  e x t e n d i n g  d i a g o n a l l y  a c r o s s  t h e  
o c c i p i t a l  bone i n t o  t h e  r i g h t  o c c i p u t  [HPFS-21; d i a s t a s i s  o f  r i g h t  l a m b d o i d  s u t u r e  [HRFS-31; 
r i g h t  b a s i l a r  s k u l l  f r a c t u r e  i n  t h e  p e t r o u s  p y r a m i d  [HIFS-21; c e r e b r a l  c o n c u s s i o n  [HWKB-21; 
hemotyrnpanum o f  r i g h t  e a r  [HRHE-11; c o n t u s i o n  i n  t h e  r i g h t  o c c i p u t  [HPCI-11 ; a b r a s i o n s  and 
c o n t u s i o n s  o f  m id -  and l o w e r  back [B IA I -11 ;  Compression f r a c t u r e  o f  L - 5  v e r t e b r a l  body [BIFV-31.  
RECOVERY : C o m p l e t e l y  r e c o v e r e d .  Had headaches f o r  a  month o r  so.  C u r r e n t l y  e x p e r i e n c e s  
n u  r e s i d l ~ a l  e f f e c t s .  
SOURCES OF DATA: j- SUBJECT; - PARENTS ; 
- POLICE; _2! HOSPITAL; - WITNESSES; 
X OTHER: S u b j e c t ' s  w i f e  - 
OTHER COMMENTS: T h i s  was f o u n d  t o  be a b r o k -  
en  f a l l  a t  t h e  t i m e  o f  t h e  i n v e s t i g a t i o n ;  
advance i n f o r m a t i o n  d i d  n o t  i n d i c a t e  b r o k e n  
f a l l .  S u b j e c t  c l a i m e d  t o  have had no  l o s s  o f  
consc iousness .  
CALCULATED DATA: 
IMPACT VELOCITY: 39 f t . / s e c .  ( 1 1 . 9  m./sec.)  
OAIS: 3 
ISS:  19 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 48 
SUBJECT : Male, 33 y r s .  7 mos., h e i g h t  and weight  unknown 
FALL DISTANCE: 15 ft. 1  i n .  (4 .6  m. ) .  
ENVIRONMENT: Second-story porch t o  conc re te  s idewalk .  
MAJOR INJURIES: S k u l l  f r a c t u r e  w i t h  hematoma, c e r v i c a l  f r a c t u r e ,  f r a c t u r e d  r i g h t  femur. F a t a l .  
SUMMARY: Sub jec t  was s tand ing  on smal l  second - f l oo r  porch work ing around a  window when he 
stumbled backwards through t h e  porch r a i l i n g  and f e l l  15 f e e t  t o  t h e  conc re te  s idewalk  below. 
I n j u r i e s :  c e r v i c a l  f r a c t u r e  a t  C 5 ,  w i t h  q u a d r i p l e g i a ,  a  t r ansve rse  ~ a r i e t a l  s k u l l  f r a c t u r e  
w i t h  subdural  hematoma, f r a c t u r e s  o f  t h e  head and s h a f t  o f  t h e  r i g h t  femur,  and abras ions o f  
t he  hands and knees. He was h o s p i t a l i z e d  f o r  s i x  weeks, b u t  t h e  i n j u r i e s  proved f a t a l .  
FALL CHRONOLOGY: There a r e  no known wi tnesses.  On-s i t e  ev idence and i n j u r y  i n f o r m a t i o n  
i n d i c a t e  t h a t  t h e  s u b j e c t  was work ing on a  bow window, s tand ing  on a  nar row p o r t i o n  o f  t he  
porch. He must have stepped o r  stumbled backward, b reak ing  t h e  porch r a i l ,  and f e l l  t o  t he  
s i x - f o o t  (1 .8  m.) wide s idewalk  below. He p robab l y  landed a lmost  e x a c t l y  on t h e  t o p  o f  h i s  
head, then went h e a v i l y  on to  h i s  r i g h t  knee. 
SPECIFIC INJURIES: B i l a t e r a l  p a r i e t a l  s k u l l  f r a c t u r e  c o n c e n t r i c  t o  t h e  corona l  su tu re ,  un- 
conscious about  one hour,  l a r g e  e p i d u r a l  hematoma a long  mid1 i n e  [HSKB-41; c e r v i c a l  sp ine f r a c -  
t u r e  a t  C5, w i t h  a n t e r i o r  d isp lacement  o f  l a r g e  fragment and w i t h  co rd  t r a n s s e c t i o n  and quad- 
r i p l e g i a  [NPFV-51 ;comminuted f r a c t u r e  o f  s h a f t  o f  r i g h t  femur, und isp laced f r a c t u r e  o f  neck 
o f  r i g h t  femur [TRFS-31; abras ions o f  bo th  knees, w i t h  s w e l l i n g  and ecch.~inosis [KBAI-21; ab- 
ras ions  t o  d o r s i  o f  l e f t  hand and l e f t  f o o t  [WLAI-1, QLAI-11. 
RECOVERY: Sub jec t  had c o n t i n u i n g  r e s p i r a t o r y  d i f f i c u l t y  and n e u r o l o g i c a l  problems. Resp i ra-  
t o r y  a r r e s t  due t o  pulmonary embolus proved f a t a l  n e a r l y  s i x  weeks a f t e r  f a l l .  
SOURCES OF DATA: - SUBJECT; PARENTS; 
X POLICE; X HOSPITAL; -WITNESSES; - -
X OTHER: Newspaper, medica l  examiner -
OTHER CUMMENTS : Impact sequence ve ry  d i f f  i- 
c u l t  t o  desc r i be  s i n c e  ma jo r  i n j u r i e s  t o  bo th  
head and femur a r e  those no rma l l y  seen f rom 
i n i t i a l  impact a f t e r  a  l ong  f a l l .  S u b j e c t ' s  
s i z e  i s  unknown, b u t  p h y s i c i a n  desc r i bed  him 
as " l a r g e " .  
CALCULATED DATA: 
IMPACT VELOCITY: 30 f t . / s e c .  (9 .1  m./sec.) 
OAIS: 5 
ISS: 50 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 49 
SUBJECT: Male,  1 9  y r s .  3 mos., 5  ft. 8  i n .  (1 .73  m . ) ,  150-160 l b s .  (68.0-72.6 k g . ) .  
FALL DISTANCE: 44 f t .  4  i n .  (13 .5  m.). 
ENVIRONMENT: Down e l e v a t o r  s h a f t  t o  c o n c r e t e  and s t e e l  e l e v a t o r  p i t .  
MAJOR INJURIES: S k u l l  f r a c t u r e ,  severe  edema and c o n t u s i o n s  o f  t h e  b r a i n :  F a t a l .  
WMARY:  S u b j e c t  was i n  an u n f a m i l i a r  b u i l d i n g  when he a p p a r e n t l y  m i s t o o k  an e l e v a t o r  s h a f t  
f o r  a  r e s t  room door ,  opened i t ,  and s tepped  i n t o  an  empty s h a f t .  He f e l l  44 f e e t  t o  t h e  
e l e v a t o r  p i t ,  s t r i k i n g  e i t h e r  c o n c r e t e  o r  a  s t e e l  n l a t e  l o c a t e d  s 1 i g h t l . y  above t h e  c o n c r ~ t ~ ,  
S u b j e c t  s u s t a i n e d  a  f r a c t u r e d  s k u l l  w i t h  s e v e r e  edema and c o n t u s i o n s  o f  t h e  b r a i n  and v a r i o u s  
a b r a s i o n s  and c o n t u s i o n s .  He was h o s p i t a l i z e d  f o r  41 112 hours  b e f o r e  he e x p i r e d .  
FALL CHRONOLOGY : S u b j e c t  opened e l e v a t o r  s h a f t  d o o r  and s tepped  i n t o  empty e l e v a t o r  s h a f t .  
I n j u r y  p a t t e r n  sugges ts  he may have c o n t a c t e d  t h e  s i d e  o f  t h e  s h a f t  w i t h  h i s  r i g h t  h i p .  Sub- 
j e c t  impac ted  e l e v a t o r  p i t ,  a p p a r e n t l y  head f i r s t .  I t  i s  unknown whether  s u b j e c t  s t r u c k  t h e  
s t e e l ,  t h e  c o n c r e t e ,  o r  a  c o m b i n a t i o n  o f  b o t h ,  s i n c e  a  f l a t  s p r i n g - l o a d e d  s t e e l  p l a t e  f i l l s  
111uch o f  t h e  f l o o r  space i n  t h e  p i t .  
SPECIFIC INJURIES: sku1 1  f r a c t u r e  ( s p e c i f i c  l o c a t i o n  unknown) w i t h  severe  edema and c o n t u s -  
i o n s  o f  t h e  b r a i n  [HUKB-51; e x t e n s i v e  a b r a s i o n s  o f  r i g h t  s i d e  o f  head and r i g h t  h i p  [HRAI-2, 
PRAI-21; l a c e r a t i o n  o f  l e f t  knee [KLLI-11;  a b r a s i o n  o f  r i g h t  knee and dorsum o f  r i g h t  f o o t  
[KRAI-1, QRAI-11; c o n t u s i o n  o f  b u t t o c k s  [PPCI-11. 
RECOVERY: F a t a l  a f t e r  41 .5  hours .  A p p a r e n t l y  t h e  s u b j e c t  d i d  n o t  r e g a i n  consc iousness .  
SOURCES OF DATA: - SUBJECT; - PARENTS; 
3 POLICE; - HOSPITAL; - WITNESSES; 
A OTHER: Med ica l  examiner ,  b u i l d i n g  ma in  
tenance manager. 
OTHER WlMENTS : Measurement was o b t a i n e d  
f r o m  i n s i d e  t h e  e l e v a t o r  c a r .  It was n o t  
p o s s i b l e  t o  o b s e r v e  t h e  e l e v a t o r  p i t .  
CALCULATED DATA: 
IMPACT VELOCITY: 52  f t . / s e c .  ( 1 5 . 9  m. /sec . )  
@ I S :  5 
ISS:  29 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 50 
SUBJECT: Male, 17 y r s .  6  mos., 6  f t .  1  i n .  (1.85 m.),  158 l b s .  (71.7 kg . )  
FALL DISTANCE: 16 ft. 3  i n .  ( 5 .0  m . )  
ENVIRONMENT: F l a t  r o o f  t o  concre te  s idewalk .  
MAJOR INJURIES: Bi-ma1 l e o l a r  f r a c t u r e  o f  l e f t  ank le .  
SUMMARY: Dur ing an impromptu race w i t h  f r i e n d s ,  s u b j e c t  took  a  " s h o r t - c u t "  across a  one -s to ry  
f l a t - r o o f e d  b u i l d i n g .  As he was c l i m b i n g  o f f  t h e  f r o n t  edge o f  t h e  r o o f ,  i n t e n d i n g  t o  drop 
from arm's  l e n g t h  t o  t h e  s idewalk,  he s l i p p e d  and f e l l  16 f e e t  t o  t h e  conc re te  s idewalk  below. 
H i s  o n l y  i n j u r y  was a  b i - m a l l e o l a r  f r a c t u r e  o f  t he  l e f t  ank le .  Sub jec t  was h o s p i t a l i z e d  f o r  
e i g h t  days. Recovery i s  appa ren t l y  complete.  
FALL CHRONOLOGY: Sub jec t  was c l i m b i n g  o f f  t h e  r o o f  and had swung h i s  l egs  over  t h e  s ide ,  
suppo r t i ng  h i m s e l f  w i t h  h i s  arms. The r o o f  edge was a t  w a i s t  l e v e l  when he s l i p p e d .  Sub jec t  
f e l l  s t r a i g h t  down f a c i n g  t h e  b u i l d i n g ,  b u t  w i t h o u t  c o n t a c t i n g  t h e  b u i l d i n g  w i t h  h i s  body. 
He landed on h i s  l e f t  f oo t  on t h e  concre te  s idewalk ,  and came t o  r e s t  i n  a s tand ing pos- 
i t i o n  on h i s  r i g h t  f o o t ,  l ean ing  a g a i n s t  t h e  b u i l d i n g .  
SPECIFIC INJURIES: F rac tu res  of  medial  m a l l e o l u s  o f  l e f t  t i b i a  and l a t e r a l  ma l l eo lus  o f  l e f t  
f i b u l a ,  w i t h  medial  d isplacement o f  bo th  f ragments [LLFS-31. No o t h e r  i n j u r i e s .  
RECOVERY : Complete. No a f t e r  e f f e c t s  whatever.  
SOURCES OF DATA : _2I SUBJECT ; _L! PARENTS ; 
- POLICE; HOSPITAL; - WITNESSES ; 
- OTHER : 
OTHER COMMENTS: Sub jec t  i s  i n  good p h y s i c a l  
c o n d i t i o n  and cont inued t o  be a c t i v e  d u r i n g  
h i s  convalescence. 
CALCULATED DATA: 
IMPACT VELOCITY: 32 f t . / s e c .  ( 9 .8  m./sec.) 
OAIS: 3 
ISS: 9  
Th i s  case was simulated. Forces do n o t  
account f o r  f r a c t u r e  e f f e c t s .  (See Chap. 3 )  
Es t .  peak a c c e l :  head 14-34 g; h i p  96-97 g. 
Es t .  peak a x i a l  f o r ces :  Foot :  6500-7500 l b  
(28,900-33,400N) ; 
T i b i a  a t  f o o t :  10,100-10,450 l b  (44,900 
46,500N) ; 
T i b i a  a t  knee: 6150-6900 l b  (27,400- 
30,700N) ; 
Femur (prox imal  ) : 4650-5350 1  b  (20,700-23,800N). 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 51 
SUBJECT: Male,  7 y r s .  1  mo., 3 ft. 1 0  i n .  (1 .17  m.), 42 l b s .  (19.1 kg.) 
FALL DISTANCE: 18 ft. 0  i n .  ( 5 . 5  m.) 
ENVIRONMENT: Second f l o o r  windowsi  11 t o  c o n c r e t e  s i d e w a l k .  
MAJOR INJURIES: D i s p l a c e d  f r a c t u r e  o f  l e f t  femur,  p o s s i b l e  l o s s  o f  s e v e r a l  t e e t h .  
SUMMARY: C h i l d  was a p p a r e n t l y  s t a n d i n g  on  c h a i r  w h i c h  t i p p e d  o v e r ,  t h r o w i n g  h im o u t  o f  
an open window. He f e l l  1 8  f e e t  t o  a  s i d e w a l k  be low t h e  window, l a n d i n g  on l e f t  s i d e .  I n -  
j u r i e s  i n c l u d e  open f r a c t u r e  o f  t h e  l e f t  femur  and p o s s i b l e  l o s s  o f  t h r e e  t e e t h .  H o s p i t a l -  
i z e d  22 days.  Recovery i s  comp le te .  
FALL CHRONOLOGY: C h i l d  f e l l  o f f  a  c h a i r  t h r o u g h  t h e  s e c o n d - f l o o r  window o f  apar tment  b u i l d i n g .  
The window was open and unscreened.  P o s i t i o n  o f  s u b i e c t  when he s t a r t e d  t o  f a l l  i s  unknown. 
He l a n d e d  on s l  i g h t l y - s l o p e d  c o n c r e t e  s i d e w a l k ,  p r o b a b l y  c o n t a c t i n g  w i t h  l e f t  l e g  and t h i g h .  
SPECIFIC INJURIES: Open t r a n s v e r s e  f r a c t u r e  o f  l e f t  femur,  w i t h  d i s p l a c e m e n t  f u l l  w i d t h  o f  
bone [TLFS-31; t h r e e  t e e t h  m i s s i n g ,  m a x i l l a r y  i n c i s o r s  l o o s e  and b l e e d i n g  [FIVS-1, FIOS-11; 
s m a l l  l a c e r a t i o n  o f  tongue  and 1  i p  [FILD-11.  
RECOVERY: S u b j e c t  was i n  b i l a t e r a l  t r a c t i o n  f o r  20 days, t h e n  p l a c e d  i n  Sp ica  c a s t .  Appears 
t o  be f u l l y  r e c o v e r e d  now, no l i m p  a p p a r e n t .  
SOURCES OF DATA: - X SUBJECT; J- PARENTS; 
_r( POLICE; 1 HOSPITAL; - WITNESSES; 
x OTHER: Ambulance s e r v i c e .  -
OTHER COMMENTS: P a r e n t s  spoke o n l y  Spanish,  
i n t e r v i e w  conduc ted  t h r o u g h  teen-age i n t e r -  
p r e t e r .  
CALCULATED DATA: 
IMPACT VELOCITY: 33 f t . / s e c .  (10.1 m./sec.  ) 
OAIS:  3 
ISS:  10 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 52 
SUBJECT: Male, 45 y r s .  2  mos., 6 ft. 2 i n .  (1.88 m.), 190 I b s .  (86.1 k g . ) .  
FALL DISTANCE: 12 f t. 0 i n .  (3.7 m.) 
ENVIRONMENT: F l a t  r o o f  t o  concre te .  
MAJOR INJURIES: F rac tu res  l e f t  w r i s t ,  l e f t  humerus, and l e f t  pub ic  bone. 
SUMMARY: Sub jec t  was wa lk ing  on f l a t  r o o f  pushing snow o f f  i t .  He stepped on a  f i b e r g l a s s  
s k y l i g h t  which broke i n s t a n t l y ,  caus ing h im t o  f a l l  12 f e e t  t o  t he  s i x  i n c h  (15 cm.) r e i n f o r c e d  
concre te  su r face  below. He susta ined f r a c t u r e s  o f  t h e  l e f t  w r i s t ,  l e f t  humerus, and l e f t  pub ic  
bone, and contus ions o f  t h e  l e f t  e x t r e m i t i e s .  He was h o s p i t a l i z e d  f o r  f i v e  days. Recovery 
i s  complete except  f o r  r e s t r i c t e d  range o f  mot ion  o f  h i s  arm. 
FALL CHRONOLOGY: Sub jec t  was c o n s t r u c t i n g  f l a t  c a r p o r t - t y p e  r o o f .  He was pushing snow o f f  
w i t h  a  broom and stepped on a  f i b e r g l a s s  s k y l i g h t  panel w i t h  h i s  l e f t  f o o t ,  near t he  edge of  
t he  pane l .  The panel co l l apsed  i n s t a n t l y ,  t h row ing  t h e  s u b j e c t  t o  h i s  l e f t  s i d e  and o f f  t he  
r o o f ,  th rough a  f o u r f o o t  (1.2 m.) open space. He landed on bare,  smooth concre te ,  l e f t  s i d e  
down, probab ly  i n  t h e  sequence w r i s t - e l b o w - h i p - f u l l  l e f t  s i de .  
SPECIFIC INJURIES: D isp laced f r a c t u r e  o f  s u r g i c a l  neck o f  l e f t  humerus [ALFS-31; d i sp laced  
f r a c t u r e  o f  l e f t  r a d i u s  a t  w r i s t  [WLFS-31; und isp laced f r a c t u r e  o f  base o f  l e f t  elbow a t  
s t y l o i d  process [ELFJ-21; s imple  f r a c t u r e  o f  1  e f t  pub ic  area o f  p e l v i s  [PLFS-21; b ru i ses  
and contus ions on l e f t  e x t r e m i t i e s  [XLCI-1, YLCI-11. 
RECOVERY: Complete f o r  normal movements; has about 15 degrees range o f  mot ion  l o s s  i n  l e f t  
arm. 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 53 
SUBJECT: Ma le ,  50 y r s .  6  mos., 5  ft. 9  i n .  ( 1 . 7 5  m . ) ,  190 l b s .  ( 8 6 . 2  kg)  
FALL DISTANCE: 17 f t .  0  i n .  ( 5 . 2  m.) 
ENVIRONMENT : Ladder  t o  c o n c r e t e  f 1  o o r .  
MAJOR INJURIES: F r a c t u r e s  L-1 and L-2,  l e f t  w r i s t ,  l e f t  knee, r i g h t  f o o t .  
SUMMARY: S u b j e c t  was r e p a i r i n g  an  overhead  h e a t e r  a t  h i s  p l a c e  o f  employment. He was 
s t a n d i n g  on  a  l a d d e r  w h i c h  h a d  been p l a c e d  on  a  f i v e  f o o t  h i g h  s c a f f o l d .  The l a d d e r  s l i p p e d  
and t h e  s u b j e c t  f r e e - f e l l  t o  t h e  c o n c r e t e  f l o o r .  H i s  i n j u r i e s  i n c l u d e  f r a c t u r e s  o f  L1, L 2 ,  
t h e  l e f t  w r i s t ,  r i g h t  f o o t  and l e f t  knee.  S u b j e c t  was h o s p i t a l i z e d  66 days.  Recovery i s  p r o -  
g r e s s i n g  s a t i s f a c t o r i l y ,  b u t  i s  n o t  c o m p l e t e .  
FALL CHRONOLOGY: S u b j e c t  was s t a n d i n g  n e a r  t h e  t o p  o f  t h e  l a d d e r ,  f a c i n g  t h e  h e a t e r .  The 
l a d d e r  s l i p p e d  and s u b j e c t  f e l l  o n t o  a  s i x  i n c h  ( 1 5  cm.) t h i c k  c o n c r e t e  f l o o r ,  l a n d i n g  f e e t -  
f i r s t .  H i s  knees b u c k l e d  and he l a n d e d  h e a v i l y  on h i s  b u t t o c k s ,  t h e n  f e l l  t o  h i s  back,  con-  
t a c t i n g  t h e  f l o o r  m o m e n t a r i l y  w i t h  h i s  head.  He came t o  r e s t  on h i s  r i g h t  s i d e  and d i d  n o t  
l o s e  c o n s c i o u s n e s s .  
SPECIFIC INJURIES: Compression F r a c t u r e  t o  l e f t  s i d e  o f  L-2 v e r t e b r a  [BIFV-31; f r a c t u r e  o f  
L -1  l e f t  t r a n s v e r s e  p r o c e s s  [BIFV-21; l e f t  w r i s t - - u n d i  s p l a c e d  f r a c t u r e  o f  c a r p a l  n a v i c u l a r  
[WLFJ-21; r i g h t  f o o t - f r a c t u r e s  o f  t h i r d  and f o u r t h  m e t a t a r s a l s ,  n a v i c u l a r  and c u b o i d  w i t h  
s l i g h t  d i s p l a c e m e n t  [QLFS-3, QLFJ-21; l e f t  k n e e - - s l  i g h t  u n d i s p l a c e d  f r a c t u r e  o f  t i b i a  [LLFS-21; 
severe  abdominal  p a i n  [MWPW-11; c o n t u s i o n ,  r i g h t  o c c i p i t a l  s k u l l  a r e a  [HPCI-11. 
RECOVERY: S t i l l  h o s p i t a l i z e d  e i g h t  weeks a f t e r  f a l l .  D i d  n o t  e x p e c t  t o  r e t u r n  t o  work f o r  
s e v e r a l  months.  Therapy  was p l a n n e d .  
SOURCES OF DATA: - X SUBJECT; - PARENTS; 
- POLICE; 2 HOSPITAL; - X WITNESSES; 
- OTHER : 
OTHER COMMENTS: Wi tness  p r o v i d e d  seeming ly  
r e l i a b l e  i n f o r m a t i o n  a b o u t  f a l l  sequence. 
S u b j e c t  had o p e n - h e a r t  s u r g e r y  t h r e e  y e a r s  
p r i o r  t o  f a l l ,  b u t  had no known ill e f f e c t s  
due t o  t h e  f a l l .  
CALCULATED DATA: 
IMPACT VELOCITY: 32 f t . / s e c .  (9 .8  m . / s e c . )  
OAIS: 4 
ISS:  l 9  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 54 
SUBJECT: Male, 18 y r s .  4 mos., 6 ft. 3 i n .  (1.91 m.), 190 l b s .  (86.2 kg . )  
FALL DISTANCE: 21 f t. 4 i n .  (6 .5  m.) 
ENVIRONMENT: P i t ched  r o o f  t o  concre te  porch.  
MAJOR INJURIES: F rac tu red  nose, mu1 t i p l e  f a c i a l  contus ions.  
SUMMARY: Student  was moving between dormers on s teep l y -p i t ched  r o o f .  A  s l a t e  s h i n g l e  broke, 
th rowing him backward o f f  r o o f  i n  a  p a r t i a l l y - u p r i g h t  p o s i t i o n .  He then f r e e - f e l l  some 21 
f e e t ,  l a n d i n g  f e e t - f i r s t  on a  concre te  porch. H i s  i n j u r i e s  i nc luded  a  f r a c t u r e d  nose, mul- 
t i p l e  contus ions o f  t h e  face and l i p s ,  and b ru i ses  and abrasions o f  e x t r e m i t i e s .  He was 
h o s p i t a l i z e d  2 112 days; recovery  i s  complete. 
FALL CHRONOLOGY: As he stepped between the  dormers, a  s l a t e  r o o f  s h i n g l e  broke and caused 
the  sub jec t  t o  s l i d e  backward f o u r  f e e t  s i x  inches (1 .4  m.) down t h e  r o o f  and over  t he  edge, 
f e e t  f i r s t  i n  a  semi-crouched p o s i t i o n .  H i s  l e f t  w r i s t  may have contac ted a  p a r t i a l  porch 
r o o f  as he f e l l .  He landed f e e t - f i r s t  on t h e  concre te  porch, then topp led  forward onto  h i s  
f ace  and r i g h t  s i de .  
SPECIFIC INJURIES: H a i r l i n e  ( b u t  somewhat depressed) f r a c t u r e  o f  t he  nose a long the  septum 
[FCFR-21; contus ions and edema o f  t h e  nose [FCCR-11; l a c e r a t i o n s  o f  upper and lower 1  i p s  
[FICD-11; contus ions and abras ions o f  elbows, r i g h t  bu t tock ,  and l e f t  a n t e r i o r  t i b i a 1  reg ions 
[EBCI-1, PRAI -1, LLAI-11. 
RECOVERY: Apparent ly  complete.  Has normal appearance and movement. Occasional s l i g h t  w r i s t  
pa ins .  
SOURCES OF DATA: J- SUBJECT; - PARENTS; 
- POLICE; J- HOSPITAL; WITNESSES; 
- OTHER : 
OTHER COMMENTS : Two wi tnesses--one saw him 
beg in  t o  f a l l ,  t h e  o t h e r  saw t h e  impact. 
Probably rece i ved  b ru i sed  t i b i a  f rom r o o f  
g u t t e r  and sore  w r i s t  f rom h i t t i n g  p a r t i a l  
porch r o o f .  
CALCULATED DATA: 
IMPACT VELOCITY: 36 f t . / s e c .  (11.0 m./sec.)  
OAIS: 2 
ISS: 5 
FREE-FALL STUDY CASE REPORT 
CASE NUMBEK: 55  
SUBJECT: Male,  40 y r s .  10 mos., 5 f t . 1 1  i n .  (1 .80  m . ) ,  162 l b s .  (73 .5  k g . )  
FALL DISTANCE: 22 f t .  4  i n .  ( 6 . 8  m. ) .  
ENVIRONMENT: Highway overpass  r a i l i n g  t o  a s p h a l t  roadway.  
MAJOR INJURIES: F r a c t u r e d  l e f t  p e l v i s  and i n t e r n a l  i n j u r i e s .  
SUMMARY: S u b j e c t  l e f t  n u r s i n g  home he l i v e s  a t ,  h i t c h h i k e d  t o  n e a r b y  b r i d g e  overpass ,  and 
jumped o f f  r a i l i n g ,  l a n d i n g  on an a s p h a l t  roadway 22 f e e t  below.  H i s  i n j u r i e s  a r e  n o t  com- 
p l e t e l y  known, b u t  i n c l u d e  a  f r a c t u r e d  l e f t  p e l v i s  and i n t e r n a l  i n j u r i e s .  He was h o s p i t a l -  
i z e d  5 1 / 2  weeks and was s t i l l  c o n f i n e d  t o  a  w h e e l c h a i r  6 112 weeks a f t e r  f a l l .  
FALL CHRONOLOGY: S u b j e c t  jumped f r o m  r a i l i n g  of  an overpass  b r i d g e ,  w i t h  h i s  fo rearms c o v e r -  
i n g  h i s  f a c e .  A  w i t n e s s  saw h i m  l a n d  f e e t  f i r s t ,  b u t  l e a n i n g  t o  l e f t  s i d e ,  t h e n  c o l l a p s e  i n  
a  heap. He came t o  r e s t  on  h i s  l e f t  s i d e ,  and d i d  n o t  move a f t e r  t h e  impac t ,  a l t h o u g h  t h e r e  
a r e  no  i n d i c a t i o n s  o f  unconsc iousness .  
SPECIFIC INJURIES: I n j u r y  d a t a  a r e  i n c o m p l e t e  s i n c e  m e d i c a l  r e c o r d s  c o u l d  n o t  be rev iewed.  
S u b j e c t ' s  b r o t h e r  summarized i n j u r i e s  as a  bump o n  t h e  l e f t  s i d e  o f  t h e  head [HLKB-11, a  
f r a c t u r e d  l e f t  h i p  [PLFS-31, and a b r a s i o n s  t o  t h e  l e f t  l e g  [YLAI -11 .  
RECOVERY: Does n o t  y e t  have f u l l  u s e  o f  h i p - - s t i l l  c o n f i n e d  t o  w h e e l c h a i r .  
SOURCES OF DATA: SUBJECT; - PARENTS; 
X POLICE; HOSPITAL; WITNESSES; - - 
X OTHER: S u b j e c t ' s  b r o t h e r .  - 
OTHER COMMENTS: S u b j e c t  s u f f e r s  f r o m  p r o -  
g r e s s i v e  ~ n e n t a l  d i s o r d e r  and p r o v i d e d  no 
i n j u r y  i n f o r n ~ a t i o n .  S u b j e c t  c o u l d  n o t  s i g n  
r e l e a s e ,  g u a r d i a n  ( b r o t h e r )  re fused  t o  s i g n  
i t .  
CALCULATED DATA: 
IMPACT VELOCITY: 37 f t . / s e c .  ( 1  1 .3  m. I s e c )  
OAIS: 3 
ISS:  11 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER : 56 
SUBJECT: Ma le ,  1 0  y r s ,  4 f t  3 i n  (1 .30  m),  approx .  50 l b s  ( 2 2 . 7  k g )  
FALL DISTANCE: 1 8  f t  1 i n  (5 .5  m) 
ENVIRONMENT: Second f l o o r  r a i l i n g  t o  t i l e d  c o n c r e t e  f l o o r  
MAJOR INJURIES: F r a c t u r e d  r i g h t  arm, p o s s i b l e  s k u l l  f r a c t u r e  
SUMMARY: S u b j e c t  was i n  s c h o o l ,  and f o r  unknown reason  f e l l  o v e r  t h e  second f l o o r  s t a i r w e l l  r a i l  in! 
t h r o u g h  t h e  s t a i r w e l l  o p e n i n g ,  1 8  f e e t ,  t o  t h e  t i l e d  c o n c r e t e  f l o o r  be low.  Paramedics a t  t h e  scene 
d e s c r i b e d  h i s  i n j u r i e s  as a f r a c t u r e d  r i g h t  arm, p o s s i b l e  s k u l l  f r a c t u r e ,  c o n t u s i o n s ,  l a c e r a t i o n s ,  
and a c o n c u s s i o n .  No d a t a  a v a i l a b l e  f o r  l e n g t h  o f  h o s p i t a l i z a t i o n  o r  degree  o f  r e c o v e r y .  
FALL CHRONOLOGY: C h i l d  f e l l  o v e r  t h e  t o p  o f  t h e  r a i l i n g  i n  t h e  second f l o o r  s t a i r w e l l .  I t  i s  
unknown w h e t h e r  he  f e l l  f o r w a r d  o r  backward o v e r  t h e  r a i l i n g ,  and he  may have  s t r u c k  an a d j a c e n t  
s t a i r w a y  b a n n i s t e r  as h e  f e l l .  I m p a c t  sequence i s  u n d e f i n e d ,  though  i n j u r i e s  i n d i c a t e  he  l a n d e d  
on  h i s  l e f t  arm and head. He i m p a c t e d  a t i l e d  c o n c r e t e  f l o o r  and may have  r o l l e d  down a s h o r t  
s t a i r c a s e  a f t e r  i m p a c t .  
SPECIFIC INJURIES: I n j u r y  i n f o r m a t i o n  p r o v i d e d  b y  paramed ic  who a t t e n d e d  c h i l d  on s i t e .  D i s -  
p l a c e d  f r a c t u r e  o f  r i g h t  f o r e a r m  [RRFS-31, c o n c u s s i o n  w i t h  p o s s i b l e  s k u l l  f r a c t u r e  [HUKB-21, 
c o n t u s i o n s  o f  f o r e h e a d  [FSCI-11 , l a c e r a t i o n s  o f  upper  1 i p  [FILD-11 , and b l o o d y  nose  [FCHR-11 . 
He was c o n s c i o u s  a t  t h e  scene,  and b o t h  eyes r a p i d l y  s w e l l e d  s h o t .  
RECOVERY: Unknown, b u t  t h e r e  was no  i n d i c a t i o n  f r o m  s c h o o l  o f f i c i a l s  t h a t  he  had s u f f e r e d  any 
permanent  damage. 
SOURCES OF DATA: - SUBJECT; - PARENTS; 
- POLICE; - HOSPITAL; - WITNESSES; 
X OTHER: paramed ic ;  ambulance r e p o r t ;  - 
schoo l  o f f i c i a l s  
OTHER COMMENTS : P a r e n t s  were n o t  a t  home, 
d i d  n o t  respond  t o  w r i t t e n  r e q u e s t  f o r  
i n f o r m a t i o n  and r e l e a s e .  
CALCULATED DATA : 
IMPACT VELOCITY: 33 f t / s e c  (10 .1  rn/sec) 
OAIS: 3 
ISS:  14 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 57 
SUBJECT: Male, 2 y r s .  5 mos., h e i g h t  unknown, 27 1 bs. (12.3 kg . ) .  
FALL DISTANCE: 12 f t .  0 i n .  (3.7171.). 
ENVIRONMENT: Second f l o o r  porch t o  conc re te  s idewalk  and hard-packed s o i l .  
MAJOR INJURIES: Three s k u l l  f r a c t u r e s ,  l a c e r a t i o n s  and hematoma o f  face and head. 
SUMMARY: C h i l d  was s tand ing on smal l  porch t r y i n g  t o  open screen door.  I t  opened suddenly, 
and he f e l l  backwards through a space i n  t h e  porch r a i l i n g .  He f e l l  12 f e e t ,  h i s  head impact-  
i n g  a concre te  s idewalk.  I n j u r i e s  i nc luded  s k u l l  f r a c t u r e s  o f  r i g h t  and l e f t  f r o n t a l ,  r i g h t  
temporal ,  and l e f t  o r b i t a l  reg ions,  l a c e r a t i o n s  and hematomas o f  t h e  face, and two "b lack  
eyes".  He was h o s p i t a l i z e d  f o u r  days. Recovery i s  complete. 
FALL CHRONOLOGY: C h i l d  was p u l l i n g  on shut  screen door w h i l e  s tand ing on smal l  porch ou ts ide  
second-story apartment.  The door opened suddenly and the  c h i l d  l o s t  h i s  g r i p ,  s tumbl ing  back- 
ward. He h i t  a c rossbar  r a i l i n g ,  dropped t o  a s i t t i n g  p o s i t i o n  and f e l l  o f f  t h e  porch back- 
ward, under t h e  r a i l i n g .  He landed head - f i r s t ,  on t h e  f r o n t a l  area o f  h i s  s k u l l ,  w i t h  h i s  
head on t h e  concre te  s idewalk and body on packed d i r t .  
SPECIFIC INJURIES : No imnedia te  l o s s  o f  consciousness, bu t  g o t  p rog ress i ve l y  drowsy over  
112 hour p e r i o d  [HWKB-21; t h r e e  s k u l l  f r a c t u r e s :  d i a s t a t i c ,  f rom r i g h t  f r o n t a l  t o  r i g h t  
temporal r e g i o n  [HRFS-31; undisplaced, f rom r o o f  o f  l e f t  o r b i t  i n t o  l e f t  f r o n t a l  r eg ion  
[FSFS-21; undi  splaced, i n  r i g h t  f r o n t a l  area above the  d i a s t a t i c  f r a c t u r e  [FSFS-21; s h o r t  
deep l a c e r a t i o n  o f  forehead [FSLI-11; ecchymosis of bo th  eyes [FBCI-21; hematoma o f  r i g h t  
tem l e  HRCI-11; bloody nose [FCHR-I]; o t h e r  f a c i a l  l a c e r a t i o n s  [FWLI-11. R E C B V E R ~ :  Apparent ly  complete; c h i l d  has ac ted no rma l l y  s i nce  re lease  f rom h o s p i t a l  . 
SOURCES OF DATA: - SUBJECT; PARENTS ; I 1 
- POLICE; HOSPITAL; - WITNESSES; 
2 OTHER: Neighbor.  
OTHER CObiMENTS: Sub jec t  was n o t  taken t o  
l o c a l  h o s p i t a l  u n t i l  45 minutes a f t e r  f a l l ,  
s i nce  he seemed OK i n i t i a l l y .  Was t r a n s p o r t e  
t o  l a r g e  h o s p i t a l  70 m i l es  from home f o r  hos- 
p i t a l i z a t i o n .  
CALCULATED DATA: 
IMPACT VELOCITY: 27 f t . / s e c .  (8 .2  m./sec.) 
O A I S :  3 
ISS: 14 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 58 
SUBJECT : Ma le ,  20  y r s . ,  5  f t .  4 i n .  ( 1 . 6 3  m.), 140 l b s .  (63 .5  k g . ) .  
FALL DISTANCE: 28  f t .  3 i n .  ( 8 . 6 m . ) ,  p l u s  r o o f  s l i d e .  
ENVIRONMENT: Wet s l a t e  r o o f  t o  f l a t  c o m p o s i t i o n  g r a v e l  r o o f .  
MAJOR INJURIES: F r a c t u r e d  p e l v i s ,  c h e s t  and l u n g  c o n t u s i o n s ,  f a c i a l  l a c e r a t i o n s .  
SUMMARY: S u b j e c t  a t t e m p t e d  t o  d r o p  f r o m  one l e v e l  o f  a  peaked r o o f  t o  a  l o w e r  l e v e l .  He 
l o s t  f o o t i n g  and s l i d  o f f  t h e  we t  r o o f .  f a l l i n g  28 f e e t  t o  a  f l a t  g r a v e l  r o o f .  H i s  i n j u r i e s  
i n c l u d e d  a  f r a c t u r e d  p e l v i s ,  c o n t u s i o n s  o f  t h e  l e f t  c h e s t  and l u n g ,  and l a c e r a t i o n s  and ab- 
r a s i o n s  o f  t h e  f a c e .  He was h o s p i t a l i z e d  8  112 days.  Recovery i s  a l m o s t  c o r n ~ l e t e ,  
b u t  he s t i l l  l i m p s  s l i g h t l y  and has some f a c i a l  s c a r r i n g .  
FALL CHRONOLOGY: S u b j e c t  s r ~ u n g  down f r o m  peaked r o o f  t o  l o w e r  peak o f  s l a t e  r o o f .  Weather 
was r a i n y  and s u b j e c t  l o s t  f o o t i n g .  He s l i d  seven f e e t  ( 2 . 1  m.) down t h e  8 / 1 2  p i t c h  r o o f ,  
and o f f  t h e  e d g e - - f e e t  f i r s t  and f a c e  up .  He l a n d e d  on  a  f l a t  t a r - a n d - g r a v e l  r o o f ,  p r o b a b l y  
s t r i k i n g  w i t h  h i s  r i g h t  h i p ,  t h e n  f a c e .  He was f o u n d  l y i n g  s u p i n e .  
SPECIFIC INJURIES: Semi -consc ious  b u t  l u c i d  a t  t h e  scene [HWKB-11; p e l v i c  f r a c t u r e  o f  r i g h t  
i l i a c  wing,  w i t h  s l i g h t  s e p a r a t i o n  and s u b l u x a t i o n  o f  p u b i c  symphys is  [PRFS-2, PAOS-31; 
s l i g h t  l e f t w a r d  d e v i a t i o n  o f  m e d i a s t i n u m  and h e a r t ;  c o n t u s i o n  o f  l e f t  c h e s t  and l e f t  l u n g ,  
w i t h  l e f t  hemothorax [CLCP-3, CLHP-31; l a c e r a t i o n  o f  r i g h t  eyebrow, and s m a l l  f a c i a l  a b r a s i o n s  
[FRLI-1,  FWAI-11. 
RECOVERY: Complete e x c e p t  f o r  s l i g h t  s c a r r i n g  above r i g h t  eye, s l i g h t  s t i f f n e s s  o f  t h e  l e g s ,  
and s l  i g h t  l i m p .  
SOURCES OF DATA: A SUBJECT; - PARENTS; 
- POLICE; 1 HOSPITAL ; - WITNESSES; 
- OTHER: 
OTHER COMMENTS : S u b j e c t  t h o u g h t  he l o s t  con-  
s c i o u s n e s s  w h i l e  f a l l  i n g ,  does n o t  remember 
i m p a c t .  
CALCULATED DATA: 
IMPACT VELOCITY: 41 f t . / s e c .  (12 .5  m. /sec . )  
OAIS :  3  
ISS:  19 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 59 
SUBJECT : Male,  21 y r s ,  5  f t  10 i n  ( 1 . 7 8  m ) ,  159 l b s  (72 .1  k g )  
FALL DISTANCE: 11 f t  0  i n  ( 3 . 4  m) 
ENVIRONMENT: F l a t  r o o f  t o  c o n c r e t e  
MAJOR INJURIES: B a s i l a r  s k u l l  f r a c t u r e ,  r i g h t  h e m i p a r e s i s ,  W e r n i c k e ' s  a p h a s i a  
SUMMARY: S u b j e c t  was w o r k i n g  on f l a t  r o o f  a t  c o n s t r u c t i o n  s i t e ,  c u t t i n g  a  h o l e  f o r  a  v e n t .  
tie t r i p p e d  and f e l l  t h r o u g h  t h e  h o l e ,  11 f t . ,  s t r i k i n g  c o n c r e t e .  H i s  i n j u r i e s  i n c l u d e d  a  
f r a c t u r e d  s k u l  1 ,  r i g h t  hemi p a r e s i s ,  and speech and r e c e p t i v e  a p h a s i a .  S u b j e c t  was 
h o s p i t a l i z e d  a p p r o x i m a t e l y  8 weeks t h e n  d i s c h a r g e d  f o r  c o n t i n u e d  t h e r a p y  on an o u t p a t i e n t  
b a s i s .  
FALL CHRONOLOGY: Worker  l o s t  h i s  b a l a n c e  and f e l l  head f i r s t  t h r o u g h  a  3 . 5  f t ,  square  
o p e n i n g  i n  r o o f .  He l a n d e d  on h i s  head on e i t h e r  t h e  c o n c r e t e  f l o o r  o r  a  s m a l l  pane l  o f  
p l ywood t h a t  c o v e r e d  a  h o l e  i n  t h e  f l o o r  d i r e c t l y  b e l o w  t h e  h o l e  i n  t h e  r o o f .  S u b j e c t  
p r o b a b l y  s t r u c k  t h e  c o n c r e t e  f i r s t  w i t h  h i s  head, t h e n  he came t o  r e s t  f a c e  down w i t h  h i s  
F e e t  on t h e  p lywood and h i s  head on t h e  c o n c r e t e .  
SPECIFIC INJURIES: L e f t  b a s i  l a r  s k u l  1  f r a c t u r e ,  w i t h  m i l d  r i g h t  h e m i p a r e s i s  and severe  
W e r n i c k e '  s  a ~ h a s i a  [HLKB-41; ecchymosis o f  l e f t  fo rehead  [FSCI-11.  
RECOVEEY: Rece ives  o u t p a t i e n t ,  r e h a b i l i t a t i v e  t h e r a p i e s  
SOURCES OF DATA: Ij SUBJECT; - PARENTS; 
- POLICE; X HOSPITAL; - WITNESSES; 
X OTHER: S u p e r v i s o r  a t  c o n s t r u c t i o n  s i t e ,  - 
p h y s i c i a n ,  t h e r a p i s t  
OTHER COMMENTS : 
CALCULATED DATA: 
IMPACT VELOCITY: 26 f t l s e c  ( 7 . 9  m l s e c )  
OAIS: 4 
ISS:  17 
T h i s  case was s i m u l a t e d .  Responses do n o t  
a c c o u n t  f o r  f r a c t u r e  e f f e c t s  (See Chap 3 ) .  
E s t .  peak head a c c e l :  495-551 g ' s  
E s t .  peak norma l  f o r c e - h e a d :  7700-10200 l b  
(34,200-45,300 N )  
Lst .  peak head d e f l e c t i o n :  . 6 0 - ' 8 0  i n  
( 1 . 5 2 - 2 . 0 3  cm) 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 60 
SUBJECT: Female, 1 8  y r s . ,  a p p r o x  5 f t  3 i n  ( 1 . 6 0  m), aoprox .  115 l b s  ( 5 2 . 3  k g )  
FALL DISTANCE: 72 f t .  6 i n .  ( 2 2 . 1  m.) 
ENVIRONMENT: B r i d g e  r a i l i n g  t o  smooth t h i c k  i c e .  
MAJOR INJURIES: F r a c t u r e s  o f  c e r v i c a l  s p i n e  and c l a v i c l e ;  mu1 t i p l e  f r a c t u r e s  o f  p e l v i s ,  b o t h  
l e g s ,  b o t h  a n k l e s  and l e f t  h e e l  ; some n e r v e  damage. 
SUbiMARY: S u b j e c t  f e l l  f r o m  t o p  o f  r a i l i n g  o f  h ighway b r i d g e ,  72  1 / 2  f e e t  t o  t h e  f r o z e n  r i v e r  
below.  She was semi -consc ious  a t  t h e  scene and s u f f e r e d  illany f r a c t u r e s .  I n j u r i e s  i n c l u d e  
f r a c t u r e d  c e r v i c a l  s p i n e ,  l e f t  c l a v i c l e ,  p e l v i s ,  r i g h t  femur,  t i b i a  and f i b u l a ,  l e f t  f i b u l a  
and t i b i a ,  b o t h  a n k l e s ,  and l e f t  h e e l ,  and n e r v e  damage t o  r i g h t  s i d e .  She was h o s p i t a l i z e d  
10 weeks and i s  now a t  a  r e h a b i l i t a t i o n  c e n t e r ,  w a l k i n g  i n  c a s t s .  
FALL CHRONOLOGY: S u b j e c t  was i n  unknown p o s i t i o n  a t  s t a r t  o f  f a l l ,  p r o b a b l y  s t a n d i n g  on t o p  
r a i l  f a c i n g  o f f  t h e  b r i d g e .  She l a n d e d  f e e t - f i r s t ,  f a c i n g  b r i d g e ,  on  smooth, r i g i d  i c e  t h a t  
was a t  l e a s t  one f o o t  ( 3 0  cm.) t h i c k .  She came t o  r e s t  i n  a  p r o n e  p o s i t i o n .  There  were no 
c r a c k s  i n  t h e  i c e  a t  t h e  i m p a c t  p o i n t .  
SPECIFIC INJURIES: No m e d i c a l  r e l e a s e  o b t a i n e d ,  i n f o r m a t i o n  was p r o v i d e d  by s u b j e c t ' s  f a t h e r .  
F r a c t u r e d  c e r v i c a l  s p i n e  [NPFV-31; f r a c t u r e d  l e f t  c l a v i c l e  [SLFS-21; f r a c t u r e d  p e l v i s  ( two 
p l a c e s ,  e x a c t  l o c a t i o n  unknown) [PuFS-31; f r a c t u r e d  r i g h t  femur [TRFS-31; compound f r a c t u r e s  
r i g h t  t i b i a  and f i b u l a ,  w i t h  g r o s s  d i s l o c a t i o n  [LRFS-31; s h a t t e r e d  r i g h t  a n k l e  [QRFJ-31; m u l -  
t i p l e  compound f r a c t u r e s  l e f t  t i b i a  ( t h r e e - i n c h  s e c t i o n  a t  a n k l e  i s  m i s s i n g )  and f i b u l a  
[LLFS-41: s h a t t e r e d  l e f t  a n k l e  and h e e l  [QLFJ-31;  n e r v e  damage t o  r i g h t  l e g  (80'1; sensory  l o s s )  
[YRCN-31; p r o b a b l e  c o n c u s s i o n  [HWKB-21. No sku1 1  f r a c t u r e s .  
RECOVERY: I n c o m p l e t e  a f t e r  1 0  weeks. W i l l  be i n  c a s t s  f o r  up t.o one y e a r .  Nerve  damage 
c l e a r i n g .  I n  r e h a b i l i t a t i o n  c e n t e r  t e m p o r a r i l y .  
SOURCES OF DATA: - SUBJECT; PAKENTS; 
11 POLICE; - HOSPITAL; - WITNESSES; 
2 OTHER: Ambulance company, newspaper. 
OTHER COMMENTS: P a r e n t s  were r e l u c t a n t  t o  
d i s c u s s  t h e  case  and wou ld  n o t  s i g n  r e l e a s e .  
H e i g h t  measurement i s  c l o s e  a p p r o x i m a t i o n ,  
s i n c e  w i n d  under  b r i d g e  was bowing  ~ ~ l e a s u r i n g  
t a p e .  
CALCULATED DATA: 
IMPACT VELOCITY: 65 f t . / s e c .  ( 1 9 . 8  m . / s e c . )  
M I S :  5 
ISS:  29 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 61 
SUBJECT: M a l e ,  13 mo, h t  unknown, 22  l b s  ( 9 . 7  k o )  
FALL DISTANCE: 32 f t  4  i n  ( 9 . 9  m) 
ENVIRONMENT: Windowsi 11 t o  c o n c r e t e  s i d e w a l k  
MAJOR INJURIES: M u l t i p l e  sku1 1  f r a c t u r e s ,  f r a c t u r e  l e f t  f emur ,  r u p t u r e d  s p l e e n ,  mu1 t i p l e  
f a c i a l  l a c e r a t i o n s .  
SUMMARY: i n f a n t  was s t a n d i n g  on w i n d o w s i l l ,  t r i p p e d  and  t u m b l e d  t h r o u g h  a  s m a l l ,  open, t i l t - i n  
window on t h e  t h i r d  f l o o r  o f  a  h o t e l .  He f e l l  t o  t h e  c o n c r e t e  s i d e w a l k  32 f e e t  be low.  I n j u r i e s  
i n c l u d e d  p a r i e t a l  and b a s i l a r  s k u l l  f r a c t u r e s ,  f r a c t u r e s  o f  t h e  l e f t  f emur ,  r i g h t  humerus and 
r i g h t  f i b u l a ,  a  r u p t u r e d  s p l e e n ,  b r u i s e s  a n d  a b r a s i o n s .  He was h o s p i t a l i z e d  1 3  d a y s .  As o f  
one week a f t e r  t h e  f a l l ,  h e  was i n  f a i r  c o n d i t i o n  and  was s t i l l  m e d i c a t e d ,  b u t  was r e c o v e r i n g .  
FALL CHRONOLOGY: There  were  n o  d i r e c t  w i t n e s s e s  t o  t h e  s t a r t  o f  t h e  f a l l .  The c h i l d  was j u s t  
l e a r n i n g  t o  w a l k .  I t  i s  l i k e l y  h e  was s t a n d i n g  o n  a  w i d e  w i n d o w s i l l  and l o s t  h i s  b a l a n c e .  He 
f e l l  o n t o  a  15 x  40 i n  ( 3 8  x 102 cm) t i l t - i n  window and  r o l l e d  o u t  o f  t h e  window o p e n i n g .  He 
l a n d e d  n e a r l y  6 f e e t  ( 1 . 8  m) f r o m  t h e  b u i l d i n g  on a  c o n c r e t e  s i d e w a l k .  He p r o b a b l y  l a n d e d  
i n i t i a l l y  on h i s  head and f a c e ,  w i t h  h i s  l e f t  arm u n d e r  h im,  t h e n  s t r u c k  h i s  l e f t  knee.  
SPECIFIC INJURIES: L i n e a r  r i g h t  p a r i e t a l  s k u l l  f r a c t u r e  w i t h  e x t e n s i o n  i n t o  s l i g h t l y  depressed  
f r a c t u r e  o f  l e f t  f r o n t a l  a r e a  [HSFS-31; p r o b a b l e  r i g h t  b a s i l a r  s k u l l  f r a c t u r e  [HIFS-21;  comminbted 
s u p r a c o n d y l a r  f r a c t u r e  o f  l e f t  femur [TLFS-31; " v e r y  m i n o r "  t o r u s  f r a c t u r e s  o f  l e f t  humerus and 
f i b u l a  [ALFS-2, LLFS-21 ; r u p t u r e d  s p l e e n  [MLRQ-41 ; p e r i d u o d e n a l  hematoma [ M I L L 3 1  ; s e v e r e l y  c o n t u s e d  
l e f t  eye  [FLCE-21 ; r i q h t  he~notympanum [HRHE-11 ; b l o o d y  nose [FCHR-11 . 
RECOVERY: S t i l l  h o s p i t a l i z e d  one week a f t e r  f a l l .  A t  d i s c h a r g e  f r o m  h o s p i t a l ,  p h y s i c i a n  n o t e d  
t h a t  he was a l e r t  and i n  h i s  m o t h e r ' s  o p i n i o n  e s s e n t i a l l y  n o r m a l .  
SOURCES OF DATA: - SUBJECT; 1(_ PARENTS; 
- POLICE; - X HOSPITAL; - WITNESSES; 
--- OTHER: 
OTHER COMMENTS: I t  was n o t  p o s s i b l e  t o  ob- 
q p r v e  t h e  c h i l d  i n  t h e  h o s p i t a l .  
CALCULATED DATA: 
IMPACT VELOCITY : 46 f t / s e c  ( 1 4 . 0  m/sec )  
OAIS: 4  
I S S :  34 
T h i s  case  was s i m u l a t e d .  Responses do n o t  
a c c o u n t  f o r  f r a c t u r e  e f f e c t s .  (See Chap. 3 ) .  
E s t .  peak head a c c e l  : 696-751 g ' s  
E s t .  peak norma l  f o r c e - - h e a d :  4100-4200 l b  
(18,200-18,700 N )  
E s t .  peak head d e f l e c t i o n :  1 .01 -1 .02  i n  
(2.56-2.59 c ~ n )  
E s t .  peak r e s u l t a n t  f o r c e - - f e m u r  a t  knee :  
1200-1400 l b  (5350-6250 N )  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 62 
SUBJECT: Female, 2 y r s  1  mo, 2  f t  8 i n  ( 0 . 8 1  m), 23 l b  ( 1 0 . 4  k g )  
FALL DISTANCE: 1 3  f t  3  i n  ( 4 . 0  m) 
ENVIRONMENT: Ma in  f l o o r  l a n d i n g  t o  t e r r a z o  f l o o r  i n  l o w e r  l o b b y  o f  a u d i t o r i u m .  
MAJOR INJURIES : F r o n t a l  and p a r i e t a l  sku1  1  f r a c t u r e s ,  c e r e b r a l  concuss ion ,  d u r a l  t e a r .  
SUMMARY: C h i l d  was w i t h  p a r e n t s  who were  s e t t i n g  up  e x h i b i t  i n  a u d i t o r i u m  f o y e r .  She 
wandered t o  r a i l i n g  a n d  s l i p p e d  between u p r i g h t s ,  f a l l i n g  1 3  f e e t  t o  c o n c r e t e  t e r r a z o  
f l o o r  o f  l o w e r  l o b b y  a r e a .  She s u f f e r e d  head i n j u r i e s  c o n s i s t i n g  o f  l i n e a r  f r a c t u r e s  
o f  t h e  r i g h t  f r o n t a l  and  l e f t  p a r i e t a l  bones,  c e r e b r a l  c o n c u s s i o n  and edema, a  d u r a l  
t e a r  and s u b g a l e a l  hematon~as.  She was h o s p i t a l i z e d  56 days ,  t h e n  a g a i n  o v e r n i g h t  two 
months l a t e r .  Her  r e c o v e r y  i s  n o t  comp le te ,  b u t  h e r  c o n d i t i o n  c o n t i n u e s  t o  i m p r o v e .  
FALL CHRONOLOGY : A c c o r d i n g  t o  w i t n e s s ,  c h i l d  s l i d  f e e t - f i r s t  between u p r i g h t s  o f  r a i  1  i n g  
on ma in  f l o o r  l a n d i n g .  The r a i l i n g  u p r i g h t s  a r e  spaced 1 0  314 i n  ( 2 7 . 3  cm) a p a r t .  She 
l a n d e d  " f l a t  on  h e r  b a c k " .  She came t o  r e s t  i m m e d i a t e l y  and was u n c o n s c i o u s .  
SPECIFIC INJURIES: D i a s t a t i c  f r a c t u r e  o f  r i g h t  f r o n t a l  bone, 1  i n e a r  f r a c t u r e  i n  l e f t  
f r o n t a l  p a r i e t a l  r e g i o n ,  s e v e r e  c e r e b r a l  c o n c u s s i o n  w i t h  coma and s e i z u r e s  f o r  more t h a n  
a  week, g e n e r a l i z e d  c e r e b r a l  edema, f o c a l  i n t r a c e r e b r a l  hemorrhage,  and a  r i g h t  f r o n t a l  
d u r a l  t e a r  [HRKB-51; and mass ive  b i l a t e r a l  s u b g a l e a l  hematomas [HSCI-21. 
RECOVERY: One y e a r  a f t e r  f a l l ,  c h i l d  was e x h i b i t i n g  e p i l e p t i c  symptoms ( c o n t r o l l e d  
t h r o u g h  m e d i c a t i o n ) .  She was m e n t a l l y  a l e r t  and d o i n g  w e l l  i n  h e r  d a y - c a r e  c e n t e r .  
SOURCES OF DATA : - SUBJECT; - PARENTS ; 
X POLICE; X HOSPITAL; X WITNESSES; - - - 
X OTHER: A u d i t o r i u m  p e r s o n n e l  , a t t o r n e y  - 
OTHER COMMENTS: Wi tness  n o t e d  c h i l d  was no,  
w e a r i n g  shoes b u t  was i n  s t o c k i n g  f e e t .  
Wi tness  f e l t  c h i l d  m i g h t  have s l i p p e d  on 
p o l i s h e d  f l o o r .  
CALCULATED DATA: 
IMPACT VELOCITY: 29 f t / s e c  (8 .8  m l s e c )  
O A I S :  5 
I S S :  29 
T h i s  f a l l  was s i m u l a t e d .  Responses do n o t  
a c c o u n t  f o r  f r a c t u r e  (See Chapt .  3 ) .  
E s t .  peak head a c c e l :  640-652 g ' s  
I s t .  ~ i c a l \  r i o ~ r ~ ~ a l  f o r c e  ( h e a d ) :  3330-3450 l b  
(14,NIO-15,400N) 
E s t .  peak head d e f l e c t i o n :  . 5 5  i n  ( 1 . 4  cm) 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 6 3  
SUBJECT : Female, 27 y r s ,  5 ft 2 i n  ( 1 . 5 6  m) .  110 l b s  (49 .9  kg )  
FALL DISTANCE: 20  f t  7 i n  ( 6 . 3  m) 
ENVIRONMENT : Ba lcony  r a i l i n g  t o  c o n c r e t e  p a t i o  
MAJOR INJURIES: F r a c t u r e s  o f  b o t h  h e e l s ,  r i g h t  w r i s t ,  and p e l v i s .  
SUMMARY: S u b j e c t  was s i t t i n g  on  r a i l i n g  o f  s e c o n d - f l o o r  b a l c o n y  when she s l i p p e d  and f e l l  
some 20 ft. t o  c o n c r e t e  p a t i o  b e l o w .  I n j u r i e s  i n c l u d e d  comminuted b i l a t e r a l  f r a c t u r e s  o f  
t h e  ca lcaneus  bones, f r a c t u r e  o f  r i g h t  c a r p a l  scapho id ,  f r a c t u r e  o f  l e f t  i s c h i u m  and 
c o n t u s i o n  o f  l e f t  l o w e r  c o s t o c h o n d r a l  j u n c t i o n .  S u b j e c t  had n o t  c o m p l e t e l y  r e c o v e r e d  a t  
t i m e  o f  i n v e s t i g a t i o n .  
FALL CHRONOLOGY: S u b j e c t  f e l l  f rom s e a t e d  p o s i t i o n  on b a l c o n y  r a i l i n g  t o  c o n c r e t e  p a t i o  
below.  She impac ted  on b o t h  f e e t ,  t h e n  b u t t o c k s  and r i g h t  w r i s t .  
SPECIFIC INJURIES: Comminuted b i l a t e r a l  f r a c t u r e s  o f  ca lcaneus ,  w i t h  f l a t t e n i n g  o f  t h e  
a r t i c u l a r  s u r f a c e  [QBFJ-31; f r a c t u r e  o f  r i g h t  c a r p a l  s c a p h o i d  [WRFJ-21; f r a c t u r e  of  l e f t  
i s c h i u m  i n  p e l v i s  [PLFS-21; c h e s t  c o n t u s i o n  a t  l e f t  l o w e r  c o s t o c h o n d r a l  j u n c t i o n  [CLCI-21. 
RECOVERY: P l a c e d  i n  b i l a t e r a l  w a l k i n g  c a s t s .  S t i l l  i n  c a s t s  2% months a f t e r  f a l l .  
SOURCES OF DATA: X SUBJECT; - PARENTS ; 
X POLICE; X HOSPITAL; WITNESSES; - 
X OTHER: P h y s i c i a n  b i l l i n g s  - 
OTHER COMMENTS : S u b j e c t  had been d r i n k i n g  
and may have been pushed. Case i n  l i t i a a t i o n  
CALCULATED DATA: 
IMPACT VELOCITY: 36 f t l s e c  ( 1 1 . 0  m/sec)  
OAIS: 3 
ISS:  1 3  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 64 
SUBJECT : Male,  7 y r  4  mo, h t  unknown, 65 l b  ( 2 9 . 5  k g )  
FALL DISTANCE: 7 f t  10 i n  ( 2 . 4  m) 
ENVIRONMENT: Main f l o o r  o f  b a r n  t o  cement f l o o r  be low 
MAJOR INJURIES: Concussion,  u n d i s p l a c e d  sku1 1  f r a c t u r e ,  f a c i a l  a b r a s i o n s  
SUMMARY: S u b j e c t  was p r o b a b l y  t r y i n g  t o  descend l a d d e r  f r o m  main b a r n  f l o o r  t o  d a i r y  s e c t i o n .  
He l o s t  b a l a n c e  and f e l l  n e a r l y  8 f e e t  t o  a  c l e a n  cement f l o o r .  He was unconsc ious  f o r  a b o u t  
one h o u r .  I n j u r i e s  i n c l u d e  c o n c u s s i o n ,  u n d i s p l a c e d  f r o n t a l  bone f r a c t u r e  and f a c i a l  a b r a s i o n s .  
He was h o s p i t a l i z e d  s i x  days and i s  now f u l l y  r e c o v e r e d .  
FALL CHRONOLOGY: C h i l d  was p r o b a b l y  s t e p p i n g  f r o m  main b a r n  f l o o r  t o  a  l a d d e r  w h i c h  i s  b u i l t  
i n t o  b a r n  w a l l .  A p p a r e n t l y  h i s  f o o t  s l i p p e d  o f f  t h e  f i r s t  r u n g  and he  r o t a t e d  as he f e l l ,  
l a n d i n g  on t h e  r i g h t  f r o n t a l  p o r t i o n  o f  h i s  head. He came t o  r e s t  on h i s  back ,  sp read-eag le ,  
b u t  w i t h  h i s  r i g h t  l e g  t u c k e d  under  t h e  l e f t .  The cement f l o o r  was c l e a n .  
SPECIFIC INJURIES: Non-depressed l i n e a r  f r a c t u r e  o f  s k u l l  f r o n t a l  bone, c o n c u s s i o n  w i t h  un- 
consc iousness  f o r  a b o u t  1  h r  and s t u p e r o u s  f o r  a b o u t  24 h r s  [HRKB-41; b l e e d i n g  i n  r i g h t  m i d d l e  
e a r  b e h i n d  t y p a m i c  membrane [HROE-11; l a r g e  a b r a s i o n  i n  r i g h t  f r o n t o - t e m p o r a l  r e g i o n  ( " b o g g y " )  
[HRAI-21 . 
RECOVERY: Complete, a c c o r d i n g  t o  mother .  He has no  c o n t i n u i n g  ill e f f e c t s  o r  unusua l  b e h a v i o r  
SOURCES OF DATA: - SUBJECT; X PARENTS; 
- POLICE; X HOSPITAL; - WITNESSES; 
X OTHER: ambulance s e r v i c e  - 
OTHER COMMENTS : Mother  r e c a l l e d  a t - r e s t  
p o s i t i o n  s i n c e  she reached  s u b j e c t  w h i l e  
s t i l l  unconsc ious  and b e f o r e  he had been 
moved. Was t r e a t e d  b r i e f l y  a t  l o c a l  
h o s p i t a l  t h e n  t r a n s f e r r e d  t o  a  l a r g e r  one. 
CALCULATED DATA: 
IMPACT VELOCITY: 21 f t / s e c  ( 6 . 4  m/sec)  
OAIS: 4 
ISS:  21 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 65 
SUBJECT: Ma le ,  70 y r  10 mo, 6 f t  0  i n  ( 1 . 8 3  m), 210 l b s  ( 9 5 . 3  k o )  
FALL DISTANCE: 15 f t  9 i n  ( 4 . 8  m) 
ENVIRONMENT: L a d d e r t o f l o o r j o i s t a n d f l o o r  
MAJOR INJURIES: M u l t i p l e  r i b  f r a c t u r e s ,  f r a c t u r e d  l e f t  f i b u l a ,  p a r t i a l  l u n g  c o l l a p s e  
SUMMARY: ' s u b j e c t  was c l i n b i n g  a  wooden l a d d e r  a t t a c h e d  t o  w a l l  o f  c h u r c h  b e l f r y .  A l a d d e r  r u n g  
n e a r  t h e  t o p  p u l l e d  l o o s e ,  c a u s i n g  h i m  t o  s w i n g  a r o u n d  and  f a l l  o f f  t h e  l a d d e r .  He f e l l  n e a r l y  
16 f e e t  t o  an u n f i n i s h e d  b e l f r y  f l o o r ,  l a n d i n g  on  t h e  edge o f  a  f l o o r  j o i s t .  I n j u r i e s  i n c l u d e d  
f r a c t u r e s  o f  f o u r  r i b s  on t h e  l e f t  s i d e ,  a  f r a c t u r e  o f  t h e  l e f t  f i b u l a ,  a  p a r t i a l  l u n g  c o l l a p s e ,  
and l a r g e  c o n t u s i o n s  on  t h e  l e f t  s i d e .  
FALL CHRONOLOGY: S u b j e c t  was s t a n d i n g  on v e r t i c a l  l a d d e r  w h i c h  was a t t a c h e d  t o  b e l f r y  w a l l .  He 
was n e a r  t h e  t o p ,  r e a c h i n g  up t o  a  t r a p  d o o r  w i t h  one hand, when one end o f  t h e  r u n g  he was h o l d -  
i n g  o n t o  p u l l e d  l o o s e  and p i v o t e d  o u t .  T h i s  swung t h e  s u b j e c t  a r o u n d  and he f e l l  f a c i n g  away f r o m  
t h e  l a d d e r .  He l a n d e d  on h i s  l e f t  s i d e  w i t h  h i s  c h e s t  s t r i k i n g  a  2 x  10 f l o o r  j o i s t  w h i c h  s u p p o r t s  
t h e  b e l l - r o p e  p u l l e y .  The j o i s t  was on edge and p r o b a b l y  caused t h e  r i b  f r a c t u r e s .  
SPECIFIC INJURIES: F r a c t u r e s  o f  4 t h  - 8 t h  r i b s  ( l e f t )  , w i t h  f r a c t u r e s  n e a r  b o t h  p o s t e r i o r  and 
a n t e r i o r  a x i l l a r y  l i n e s  and some d i s p l a c e m e n t  [CLFS-41; s l i g h t l y  comminuted f r a c t u r e  o f  p r o x i m a l  
l e f t  f i b u l a  [LLFS-31; p a r t i a l  c o l l a p s e  o f  r i g h t  l u n g  ( w i t h o u t  p u n c t u r e  o r  pneumothorax)[CROP-31; 
a b r a s i o n s  o f  l e f t  hand and l e f t  l a t e r a l  l o w e r  l e g  [WLAI-1, LLAI -11 ;  c o n t u s i o n  o f  l e f t  s i d e  f r o m  
a r m p i t  t o  knee [CLCI-21; dazed, no  l o s s  o f  c o n s c i o u s n e s s  [HUKB-11. 
RECOVERY: Complete e x c e p t  f o r  some s t i f f n e s s  and decreased  r a n g e  o f  m o t i o n  i n  l e f t  arm. No 1  imp. 
SOURCES OF DATA: SUBJECT; - PARENTS; 
- POLICE; X HOSPITAL; X WITNESSES; 
X OTHER: s u b j e c t ' s  w i f e ,  ambulance - 
s e r v i c e  
OTHER COMMENTS: I n j u r i e s  p r o b a b l y  caused 
p r i m a r i l y  b y  c o n t a c t  w i t h  i r r e g u l a r  s u r f a c e s  
CALCULATED DATA: 
IMPACT VELOCITY: 31 f t / s e c  ( 9 . 4  m l s e c )  
oAIS :  4 
ISS:  29 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 66  
SUBJECT: Male,  8 y r  11 mo, 4 f t  3 i n  (1.30 m), 60 l b s  ( 2 7 . 2  k g )  
FALL DISTANCE: 17 f t  3  i n  ( 5 . 3  m) 
ENVIRONMENT: Ca twa lk  t o  a s p h a l t  h ighway  
MAJOR INJURIES: F r a c t u r e s  o f  t h e  l e f t  f o r e a r m  
SUMMARY: C h i l d  was w a l k i n g  backwards on r a i l r o a d  t r e s t l e  c a t w a l k ,  t a l k i n g  w i t h  a f r i e n d .  He 
s tepped  backwards i n t o  a  h o l e  where a  p l a n k  was m i s s i n g  and f e l l  17 f t  t o  t h e  a s p h a l t  pavement 
o f  a  s t r e e t .  H i s  i n j u r i e s  i n c l u d e  f r a c t u r e s  o f  t h e  l e f t  r a d i u s  and u l n a  and m i n o r  a b r a s i o n s  o f  
t h e  f a c e .  He was h o s p i t a l i z e d  36 h r s  f o r  o b s e r v a t i o n .  Recovery i s  comp le te  e x c e p t  f o r  l e f t  
arm wh ich  i s  s t i l l  c a s t e d .  
FALL CHRONOLOGY: S u b j e c t  s tepped  backward t h r o u g h  a  h o l e  i n  t h e  c a t w a l k  on wh ich  he was w a l k i n g .  
He a p p a r e n t l y  d ropped  s t r a i g h t  t h r o u g h  t h e  h o l e  w i t h o u t  s i g n i f i c a n t  c o n t a c t ,  a l t h o u g h  h i s  back 
may have rubbed  a g a i n s t  a p l a n k .  He l a n d e d  on h i s  o u t s t r e t c h e d  l e f t  arm, t h e n  f e l l  t o  h i s  l e f t  
s i d e .  He l a n d e d  i n  f r o n t  o f  a  c a r  w h i c h  n a r r o w l y  a v o i d e d  h i t t i n g  him. 
SPECIFIC INJURIES: F r a c t u r e s  o f  d i s t a l  s h a f t s  o f  l e f t  r a d i u s  and u l n a ,  w i t h  d i s p l a c e m e n t  [RLFS-31 
s l i g h t  l a c e r a t i o n  p i n n a  o f  l e f t  e a r  [HLLE-11; a b r a s i o n  o f  r i g h t  f a c e  and l o w e r  back [FRAI-1, 
B I A I - 1 1 .  No l o s s  o f  consc iousness .  
RECOVERY: S u b j e c t ' s  l e f t  f o r e a r m  s t i l l  i n  c a s t  f o u r  weeks a f t e r  f a l l ,  expec ted  t o  be  c o m p l e t e l y  
h e a l e d  by s i x  weeks. No o t h e r  c o m p l i c a t i o n s .  
SOURCES OF DATA: _2i SUBJECT; 2 PARENTS; 
X POLICE; X HOSPITAL; J WITNESSES; - 
- OTHER : 
OTHER COMMENTS : 
CALCULATED DATA: 
I M P A C T  VELOCITY: 33 f t / s e c  ( 1 0 . 1  rn/sec) 
OAIS: 3 
ISS:  11 
T h i s  case was s i m u l a t e d  as a  s i m p l i f i e d  f a l l  
o n t o  t h e  h i p  f r o m  10 and 20 f e e t  ( 3 . 0  and 
6 . 1  m i .  
E s t .  peak a c c e l  o f  head: 560 g ' s  ( 1 0  f t ) ,  
793 g ' s  (20 f t ) ;  
Est. peak a c c e l  o f  h i p :  157 g ' s  (10  f t ) ,  
214 g ' s  (20 f t )  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 67 
SUBJECT : Male, 22 y r s  8  mo, 6 f t  1  i n  ( 1 . 8 5  m), 195 l b s  ( 8 8 . 5  k g )  
FALL DISTANCE: 26 f t  8  i n  ( 8 . 1  m) 
ENVIRONMENT: Window t o  c o n c r e t e  s i d e w a l k  
MAJOR INJURIES: None 
SUMMARY: S u b j e c t  was w a i t i n g  f o r  f r i e n d  i n  a d j a c e n t  empty a p a r t m e n t .  S u b j e c t  was a t t e m p t i n g  
t o  c r a w l  f r o m  window o f  empty a p a r t m e n t  t o  window o f  f r i e n d ' s  a p a r t m e n t  when he  l o s t  h i s  
b a l a n c e .  S u b j e c t  f e l l  f r o m  t h i r d  s t o r y , a b o u t  27 f e e t ,  t o  c o n c r e t e  s i d e w a l k  b e l o w .  He 
r e c e i v e d  no  f r a c t u r e s  n o r  s e r i o u s  i n j u r i e s  and r e f u s e d  m e d i c a l  t r e a t m e n t .  
FALL CHRONOLOGY: S u b j e c t  was p r o b a b l y  i n  s t a n d i n g  p o s i t i o n  on w indows i  11, l e a n i n g  t o w a r d  t h e  
o t h e r  window. He l o s t  h i s  b a l a n c e  and f e l l  t o  c o n c r e t e  s i d e w a l k  be low.  He p r o b a b l y  l a n d e d  
f e e t - f i r s t  and r o l l e d  t o  h i s  s i d e ,  a l t h o u g h  i m p a c t  p o s i t i o n  i s  u n c e r t a i n .  He may a l s o  have 
s t r u c k  a  f a b r i c  awn ing  as he f e l l ,  a l t h o u g h  i t  was i n  a t a t t e r e d  c o n d i t i o n  and p r o b a b l y  wou ld  
n o t  have b r o k e n  t h e  f a l l .  
PECIFI INJURIES: G e n e r a l i z e d  c o n t u s i o n s  (he  t o l d  f r i e n d  he had s o r e  musc les  " a l l  o v e r " )  
OWCI-1 ; a p p a r e n t l y  no f r a c t u r e s .  i 5 
RECOVERY: Refused m e d i c a l  a i d ,  r e s t e d  on s i d e w a l k  bench a f t e r  f a l l  
SOURCES OF DATA: - SUBJECT; - PARENTS; 
X POLICE; - HOSPITAL; J- WITNESSES; -
X OTHER: f r i e n d  (owner o f  a p a r t m e n t )  -
OTHER COMMENTS: There  was no  damage t o  t h e  
f ramework o f  t h e  awning.  One w i t n e s s  
t h o u g h t  he f e l l  t h r o u g h  t h e  awning,  t h e  o t h e r  
d i d  n o t .  
CALCULATED DATA: 
IMPACT VELOCITY: 41 f t l s e c  (12 .5  m l s e c )  
OAIS: 1 
ISS:  1  
F R E E - F A L L  STUDY CASE REPORT 
CASE NUMBER: 68 
SUBJECT:  Male,  1  y r  8 mo,2 f t  R i n  ( 0 . 8 1  m),23 l b  ( 1 0 . 4  k p )  
F A L L  D I S T A N C E :  21 ft ( 6 . 4  m) 
ENVIRONMENT: 3 r d  f l o o r  window t o  wooden p o r c h  
MAJOR I N J U R I E S :  F r o n t a l  s k u l l  f r a c t u r e ,  c o n c u s s i o n  
SUMMARY: The c h i l d  c l i m b e d  o u t  open t h i r d  f l o o r  window, o n t o  f l a t  r o o f  a r e a  and wa lked  o r  
c r a w l e d  a b o u t  6 ft ( 1 . 8  m) t o  where he f e l l  f rom t h e  r o o f  21 f e e t  t o  f i r s t  f l o o r  r e a r  p o r c h .  
He l a n d e d  h e a d - f i r s t .  The c h i l d  was h o s p i t a l i z e d  5  days w i t h  a  sku1 1 f r a c t u r e .  
F A L L  CHRONOLOGY: C h i l d  c l i m b e d  o n t o  an  end t a b l e ,  t h e n  o u t  an open 3 r d  f l o o r  window o n t o  a  
f l a t  r o o f .  He c o n t i n u e d  w a l k i n g  o r  c r a w l i n g  t o  t h e  edge o f  t h e  r o o f ,  t h e n  f e l l  21 f t  t o  
f i r s t  f l o o r  r e a r  p o r c h  composed o f  lli i n c h  ( 3 . 8  cm) b o a r d s  3;s t o  5 g n c h e s  (8 .9  - 1 4 . 0  cm) 
w i d e .  The c h i l d  i m p a c t e d  h e a d - f i r s t ,  on t h e  r i g h t  f o r e h e a d  a r e a .  
SPECIFIC INJURIES: C o n t u s i o n s  o f  r i g h t  fo rehead  [FSCI-1 I ; a b r a s i o n  o f  nose,  [FCAI-11 ; 
u n d i s p l a c e d  r i g h t  l i n e a r  f r o n t a l  s k u l l  f r a c t u r e  and c o n c u s s i o n ,  w i t h  no  l o s s  o f  consc iousness  
[HRKB-21 . 
RECOVERY : Complete,  no  r e p o r t e d  seque l  ae 
SOURCES OF D A T A :  X SUBJECT;  X - PARENTS; 
X - P O L I C E ;  - X H O S P I T A L ;  2 WITNESSES;  
X - OTHER: newspaper,  f i r e  d e p a r t m e n t  r e s c u e  
squad. 
OTHER COMMENTS : 
CALCULATED DATA:  
IMPACT V E L O C I T Y  : 36 f t / s e c  ( 1  1 . 0  m/sec)  
O A I S :  2 
I S S :  5 
I 
f i  
21'0" 
- 
FRFF-FALL STUDY CASE KFPORT 
SUBJECT: Ma le ,  3 y r s  11 mo, 3 f t  7  i n  ( 1 . 0 9  m),  50 l b s  ( 2 2 . 7  k g )  
FALL DISTANCE: 11 f t  11 i n  (3 .6  m) 
ENVIRONMENT: W i n d o w s i l l  t o  p i t c h e d  r o o f  t o  f r o z e n  s o i l  
MAJOR INJURIES: F r a c t u r e  o f  l e f t  femur  
SUMMARY: C h i l d  was p l a y i n g  i n  bedroom, a p p a r e n t l y  t h r o w i n g  t o y s  o u t  t h e  window t o  wa tch  them 
s l i d e  down t h e  r o o f .  He c l i m b e d  o n t o  w i n d o w s i l l  and f e l l  t o  p i t c h e d  r o o f ,  t h e n  s l i d  o f f  t h e  
r o o f  and l a n d e d  on  f r o z e n  s o i l .  He had a  f r a c t u r e d  l e f t  femur  and a  m i l d  abdominab le  c o n t u s i o n .  
He was h o s p i t a l i z e d  i n  t r a c t i o n  f o r  43 days and  has  a l m o s t  c o m p l e t e l y  r e c o v e r e d .  
FALL CHRONOLOGY: C h i l d  c l i m b e d  o n t o  w indows i  11, f a c i n g  o u t .  He tumb led  o n t o  a  p i t c h e d  r o o f  
j u s t  be low h i s  window and s l i d  a b o u t  3  f t  ( . 9  m) down t h e  r o o f  and o f f  t h e  edge.  He l a n d e d ,  
p r o b a b l y  on  h i s  l e f t  knee,  on  f r o z e n  s o i l ,  t h e n  f e l l  t o  s i t t i n g  p o s i t i o n  w i t h  h i s  l o w e r  l e f t  
l e g  u n d e r  h i s  body .  
SPECIFIC INJURIES: D i s p l a c e d  f r a c t u r e  i n  m i d s h a f t  o f  l e f t  femur  [TLFS-31; c o n t u s i o n  o f  
abdomen [MCCI-1 ] . 
RECOVERY: N e a r l y  c o m p l e t e  a t  t i m e  o f  i n t e r v i e w  ( j u s t  a f t e r  r e l e a s e  f r o m  h o s p i t a l ) .  F u l l  
r e c o v e r y  e x p e c t e d .  
WURCES OF DATA: - X SUBJECT; - X PAKENTS; 
x - POLICE; 1 HOSPITAL; _ WITNESSES; 
- OTHER: 
OTHER COMMENTS: There was a p p r o x i m a t e l y  
one i n c h  ( 2 - 3  cm) o f  snow on t h e  g r o u n d  
b u t  i t  wou ld  n o t  have s i g n i f i c a n t l y  
c u s h i o n e d  t h e  f a l l .  
CALCULATED DATA: 
IMPACT VELOCITY: 27 f t / s e c  ( 8 . 2  m/sec)  
OAIS:  3 
ISS:  10 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 70 
SUBJECT : Ma le ,  6 y r  9 mo, h t  unknown, 55 l b  ( 2 4 . 9  k g )  
FALL DISTANCE: 10 f t  0  i n  ( 3 . 0  m) 
ENVIRONMENT: Ma in  f l o o r  o f  b a r n  t o  c o n c r e t e  f l o o r  
MAJOR INJURIES: Concuss ion ,  c e r e b r a l  hemorrhage:  F a t a l  
SUMMARY: C h i l d  was a t t e m p t i n g  t o  h e l p  u n c l e  f e e d  t h e  d a i r y  h e r d .  He pushed a  hay  h a l e  t h r o u q t i  
a  p a r t i a l l y - o p e n e d  access h o l e  i n  t h e  ma in  f l o o r  of  a  b a r n ,  t h e n  a p p a r e n t l y  l o s t  h i s  b a l a n c e  and 
f e l l  t h r o u g h  t h e  h o l e  a f t e r  t h e  hay  b a l e .  He l a n d e d  on t h e  c o n c r e t e  f l o o r  10 f t  b e l o w .  lip wa', 
unconsc ious  i m m e d i a t e l y  and rema ined  comatose.  I n j u r i e s  p r o v e d  f a t a l  7l, h o u r s  a f t e r  t h e  t a l l .  
FALL CHRONOLOGY: The boy  a p p a r e n t l y  c r e a t e d  a  t r i a n g u l a r  o p e n i n g  i n  t h e  b a r n  f l o o r  b y  ~nov inc j  a 
c o v e r  p a r t  way o f f  t h e  hay  h o l e .  He t h e n  shoved a  hay  b a l e  t h r o u g h  t h e  h o l e .  The b a l e  was 
p r o b a b l y  a  t i g h t  f i t  and when pushed h a r d ,  he l o s t  h i s  b a l a n c e  and f o l l o w e d  t h e  b a l e  t h r o u q h  
t h e  h o l e .  He a p p a r e n t l y  d i d  n o t  l a n d  on t h e  b a l e ,  b u t  i n s t e a d  impac ted  t h e  upper  r i o h t  p a r t  
o f  h i s  head on a  smooth c o n c r e t e  f l o o r .  He came t o  r e s t  i n  a  p rone  o o s i t i o n .  
SPECIFIC INJURIES: U ~ C O ~ S ~ ~ O I I S  o r  semi-comatose u n t i l  he e x p i r e d .  Concuss ion ,  p r o b a b l y  w i t h  
c e r e b r a l  hemorrhage [HUKB-51; ecchymos is  and s w e l l i n g  o f  r i g h t  e y e  [FRCE-11; a b r a s i o n s  o f  r i q h t  
temp le  [HRAI-1 I. No f r a c t u r e s  were f o u n d .  
RECOVERY: D i d  n o t  r e c o v e r :  f a t a l  a f t e r  715 h o u r s .  Deve loped  v i o l e n t  t r e m o r s ,  t h e n  had r e s p i r a -  
t o r y  a r r e s t .  
SOURCES OF DATA: - SUBJECT; X PARENTS; 
- POLICE; _k_ HOSPITAL; - WITNESSES; 
X OTHER: u n c l e ,  f a r m  handyman - 
OTHER COMMENTS: An a u t o p s y  was r e q u e s t e d  
b y  p h y s i c i a n ,  b u t  p a r e n t s  r e f u s e d .  D i s t a n c e  
f r o m  a c c i d e n t  s i t e  t o  n e a r e s t  h o s p i t a l  was 
21 m i l e s  ( 3 3 . 8  km).  
CALCULATED DATA: 
IMPACT VELOCITY: 2 3  f t l s e c  ( 7 . 0  m l s e c )  
OAIS: 5 
ISS:  27  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 71 
SUBJECT: Female, 5 y r s  1  mo, 3 f t 6 i n  ( 1 . 0 7  m), 42 l b s  ( 1 9 . 1  k g )  
FALL DISTANCE: 8 f t  4  i n  ( 2 . 5  m )  
ENVIRONMENT: Ma in  f l o o r  o f  b a r n  t o  c o n c r e t e  f l o o r  
MAJOR INJURIES: B a s i l a r  s k u l l  f r a c t u r e .  F a t a l  a f t e r  5 days .  
SUMMARY: C h i l d  was p l a y i n g  i n  b a r n  w h i l e  h e r  b r o t h e r s  were  d o i n g  c h o r e s .  She backed  i n t o  an  
open hay  h o l e  on  t h e  f i r s t  f l o o r  and f e l l  8 f e e t ,  l a n d i n g  h e a d - f i r s t  on  t h e  c o n c r e t e  a i s l e  
o f  t h e  d a i r y  s e c t i o n .  Her  i n j u r i e s  i n c l u d e d  f r a c t u r e  o f  t h e  r i g h t  o r b i t ,  a  b a s i l a r  s k u l l  
f r a c t u r e ,  s e v e r e  b r a i n  damage, and  mu1 t i p l e  a b r a s i o n s .  She was h o s p i t a l i z e d  w i t h  h e r  
c o n d i t i o n  d e t e r i o r a t i n g  s t e a d i l y  u n t i l  she d i e d  5 days a f t e r  t h e  f a l l .  
FALL CHRONOLOGY: The c h i l d  p r o b a b l y  backed  i n t o  t h e  open h o l e .  I t  i s  l i k e l y  she s t r u c k  t h e  
f a r  s i d e  o f  t h e  h o l e  w i t h  h e r  s h o u l d e r  c a u s i n g  h e r  t o  r o t a t e  i n t o  a face-down, h e a d - f i r s t  
p o s i t i o n .  She l a n d e d  on  t h e  l e f t  p a r t  o f  h e r  fo rehead  and came t o  r e s t  f a c e  down. 
SPECIFIC INJURIES: S t e l l a t e  f r a c t u r e  i n  t h e  a n t e r i o r  f l o o r  o f  t h e  c r a n i a l  v a u l t ,  w i t h  s e v e r e  
c o n c u s s i o n  and p r o g r e s s i v e  edema i n  t h e  l e f t  ce rebrum [HLKB-51; a b r a s i o n s  t o  l e f t  f o r e h e a d ,  
l e f t  s h o u l d e r ,  and  b o t h  knees [FSAI-1, SLAI -1 ,  KBAI-11; b l o o d y  nose [FCHR-11. 
RECOVERY : She was r e v i v e d  b r i e f l y  a t  t h e  scene,  b u t  became i n c r e a s i n g l y  comatose.  P l a c e d  on 
m e c h a n i c a l  r e s p i r a t o r  36 h o u r s  a f t e r  f a l l ,  No spon taneous  a c t i v i t y  t h e r e a f t e r ,  e x p i r e d  5 days 
a f t e r  f a l l .  
SOURCES OF DATA: SUBJECT; J- PARENTS; 
- POLICE; - X HOSPITAL; - WITNESSES; 
OTHER: 
OTHER COMMENTS: S u b j e c t  1  i v e d  some d i s t a n c e  
f r o m  h o s p i t a l  and  t h e r e  were d e l a y s  i n  
q e t t i n g  t r e a t m e n t .  
CALCULATED DATA: 
IMPACT VELOCITY: 21 f t / s e c  ( 6 . 4  m/sec)  
O A I S :  5 
ISS:  26 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 7 2  
SUBJECT: Male,  33 y r s  6  mo, 5  f t  10 i n  ( 1 . 7 8  m), 160 l b s  ( 7 2 . 6  k g )  
FALL DISTANCE: 17 f t  0  i n  ( 5 . 2  m) 
ENVIRONMENT: F l a t  m e t a l  canopy t o  c o n c r e t e  
MAJOR INJURIES: F r a c t u r e s  o f  mand ib le ,  femur, w r i s t ,  hand 
SUMMARY: S u b j e c t  s t e p p e d  o n t o  u n s u p p o r t e d  p a n e l s  of  a  f l a t  canopy o v e r  a  t r u c k  l o a d i n g  dock .  
The p a n e l s  c o l l a p s e d  s u d d e n l y  and he f e l l  17 f e e t  t o  i c e - c o v e r e d  c o n c r e t e ,  l a n d i n g  between 
two t r u c k s .  He r e c e i v e d  f r a c t u r e s  o f  f a c i a l  bones,  t h e  l e f t  hand, r i g h t  w r i s t ,  l e f t  femur  
and l e f t  p a t e l l a .  He was h o s p i t a l i z e d  57 days,  s t i l l  w a l k s  w i t h  c r u t c h e s ,  and i s  n o t  
e x p e c t e d  t o  b e  a b l e  t o  work f o r  one y e a r .  
FALL CHRONOLOGY: S u b j e c t  s t e p p e d  o f f  s t e e l  beam frame o f  canopy o n t o  f l a t  a luminum p a n e l s .  
S e v e r a l  p a n e l s  c o l l a p s e d  and s u b j e c t  d ropped  t h r o u g h  r e s u l t i n g  3  x 4 f t  ( . 9 - 1 . 2  m) h o l e .  He 
l a n d e d  on h i s  hands and knees on a  c o n c r e t e  d r i v e w a y  t h a t  was s l i g h t l y  c o a t e d  w i t h  i c e .  He 
came t o  r e s t  f a c e  up b e h i n d  h i s  t r u c k  and b e s i d e  a s e m i - t r a i l e r  p a r k e d  a t  t h e  dock.  There i s  
some q u e s t i o n  whether  h i s  f a c e  c o n t a c t e d  t h e  edge o f  t h e  s e m i - t r a i l e r .  
SPECIFIC INJURIES: Comninuted f r a c t u r e  o f  t h e  m a n d i b l e  and t h e  cheek bones on l e f t  s i d e  o f  
f a c e  [FLFS-31; f r a c t u r e d  and d i s l o c a t e d  f i n g e r s  o f  r i g h t  hand [WRFJ-I]; f r a c t u r e d ,  "jammed" 
l e f t  w r i s t  [WLFJ-31; Comminuted f r a c t u r e  o f  l e f t  p a t e 1  l a  [KLFJ-31; d i s t a l  s h a f t  f r a c t u r e  o f  
l e f t  femur [TLFS-21. 
RECOVERY: A p p a r e n t l y  v e r y  s l o w .  As of  t h r e e  months a f t e r  f a l l ,  he had no f e e l i n g  on l e f t  
s i d e  o f  f a c e ,  d i d  n o t  have f u l l  use  o f  l e f t  w r i s t  and was on  c r u t c h e s .  He was e x p e c t e d  t o  be  
on c r u t c h e s  and o f f  work  f o r  one y e a r .  
SOURCES OF DATA: X SUBJECT; - PARENTS; 
- POLICE; - HOSPITAL; - WITNESSES; 
X OTHER: S u b j e c t ' s  d a u g h t e r ,  i n d u s t r i a l  
saTe ty  d i r e c t o r  and o t h e r  employees a t  f a l l  
OTHER COMMENTS : s i t e .  
I n j u r y  i n f o r m a t i o n  o b t a i n e d  f r o m  s a f e t y  r e -  
p o r t  and f r o m  d a u g h t e r .  I n  l a t e r  c o n v e r s a t i  
w i t h  s u b j e c t ,  he r e f u s e d  t o  g i v e  i n f o r m a t i o r  
o r  s i g n  m e d i c a l  r e l e a s e  because o f  p e n d i n g  
l i t i g a t i o n .  
CALCULATED DATA: 
IMPACT VELOCITY : 32 f t l s e c  ( 9 . 8  m l s e c )  
O A I S :  3 
ISS:  18 
SEMI - TRAILV - / .  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 73 
SUBJECT : Ma le ,  47 y r s  2 mo, 6 f t  2 i n  ( 1 . 8 8  m), 210 l b s  (95.1  k g )  
FALL DISTANCE: 10 f t  7  i n  ( 3 . 2  m) 
ENVIRONMENT: Roo f  peak t o  a s p h a l t  d r i v e w a y  
MAJOR INJURIES: Mu1 t i p l e  v e r t e b r a l  body f r a c t u r e s ,  w r i s t  f r a c t u r e .  
SUMMARY: F i reman was o n  r o o f  f i g h t i n g  a  f i r e .  He was m o v i n g  s ideways  w i t h  hands on  one 
s i d e  o f  r o o f  peak and f e e t  on  t h e  o t h e r .  He s l i p p e d  on  i c e  and s l i d  o f f  r o o f , l a n d i n g  i n  
s i t t i n g  p o s i t i o n  on a s p h a l t  d r i v e w a y .  I n j u r i e s  i n c l u d e d  a  b l o w  t o  t h e  j a w  w h i c h  knocked 
h i m  o u t ,  f r a c t u r e s  o f  one t h o r a c i c  and two  l u m b a r  v e r t e b r a e ,  f r a c t u r e d  and b u c k l e d  sacrum, 
and f r a c t u r e d  l e f t  w r i s t .  He was h o s p i t a l i z e d  5  days  and  was e x p e c t e d  t o  b e  o f f - d u t y  f o r  
3 -4  months.  
FALL CHRONOLOGY: He moved s ideways  a l o n g  t h e  r o o f  w i t h  h i s  g l o v e d  hands g r i p p i n g  t h e  peak.  
He l o s t  g r i p  a t  an i c y  a r e a  o f  t h e  r o o f  and s l i d  down t h e  t a r - p a p e r - c o v e r e d  r o o f  on h i s  
hands and f e e t .  H i s  c h i n  h i t  a  g u t t e r  as he  f e l l  o f f  t h e  r o o f .  He l a n d e d  i n  a  s i t t i n g  
p o s i t i o n  w i t h  h i s  arms b e h i n d  h im.  
SPECIFIC INJURIES: He was knocked  u n c o n s c i o u s  b r i e f l y  b y  a  b l o w  t o  t h e  c h i n  [FIKB-21;  s l i g h t  
compress ion  f r a c t u r e  o f  1 - 7  [BSFV-31; Compression f r a c t u r e s  o f  a n t e r i o r  p o r t i o n s  o f  L-1 and 
L - 2  [BIFV-31;  F r a c t u r e s  and b u c k l i n g  o f  S-3, 5 -4 ,  and  S - 5  [PPFS-31; P e r i l u n a t e  d i s l o c a t i o n  
o f  l e f t  c a r p a l  bones,  w i t h  f r a c t u r e  o f  l e f t  n a v i c u l a r  [WLDJ-31; f r a c t u r e  o f  5 t h  r i g h t  
m e t a c a r p a l ,  w i t h  d i s l o c a t i o n  o f  m e t a c a r p a l - p h a l a n g e a l  j o i n t  [WRFJ-11. 
RECOVERY: H i s  l e f t  w r i s t  was c a s t e d  f o r  two months and i s  s t i f f ,  back was a p p a r e n t l y  
r e c o v e r e d .  He e x p e c t e d  t o  be  o f f - d u t y  f o r  up t o  f o u r  months.  
SOURCES OF DATA: X SUBJECT; - PARENTS; 
- POLICE; - X HOSPITAL; - WITNESSES; 
X OTHER: F i r e  Depar tment  - 
OTHER COMMENTS: S u b j e c t  was h e a v i l y  c l o t h e d  
w i t h  w i n t e r  f i r e f i g h t i n g  g e a r .  
CALCULATED DATA: 
IMPACT VELOCITY: 25 f t l s e c  (7 .6  m l s e c )  
O A I S :  3 
I S S :  27 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 74 
SUBJECT : Male,  13 y r s  3  mo, 5 f t  8  i n  ( 1 . 7 3  m), 120 l b s  ( 5 4 . 4  k g )  
FALL DISTANCE: 22 f t  0  i n  ( 6 . 7  m) 
ENVIRONMENT: C o n c r e t e w a l l  t o s m o o t h , s o l i d i c e  
MAJOR INJURIES: D i s p l a c e d  f r a c t u r e s  o f  b o t h  l o w e r  l e g s  and o f  t h e  r i g h t  f o o t  
SUMMARY: S u b j e c t  was a t t e m p t i n g  t o  c r o s s  a  f r o z e n  c a n a l  raceway a l o n g  t h e  t o p  o f  a  c o n c r e t e  v i a d u c t .  
The b o y  l o s t  h i s  f o o t h o l d  when a p p r o x i m a t e l y  314 a c r o s s  and f e l l  o n t o  t h e  f r o z e n  s u r f a c e  o f  t h e  
raceway,  some 22 ft b e l o w .  S u b j e c t  was h o s p i t a l i z e d  f o r  18 days  w i t h  d i s p l a c e d  f r a c t u r e s  o f  t h c  
l e f t  t i b i a  and f i b u l a ,  t h e  r i g h t  t i b i a  and r i g h t  t a l u s .  He i s  now p a r t l y  r e c o v e r e d ,  w i t h  f u l l  
r e c o v e r y  e x p e c t e d .  
FALL CHRONOLOGY: S u b j e c t  was c r o s s i n g  f r o z e n  raceway  w a t e r c o u r s e  b y  h o l d i n g  o n t o  a  c h a i n  l i n k  
f e n c e  and w o r k i n g  h i s  way s ideways  a c r o s s  t h e  v i a d u c t  on h i s  t o e s .  He s l i p p e d  o f f  t h e  v i a d u c t  when 
he  r e a c h e d  a  c r u m b l e d  c o n c r e t e  s e c t i o n .  He was i n  a  s t a n d i n g  p o s i t i o n  f a c i n g  t h e  f e n c e  when he 
s t a r t e d  t o  f a l l .  He d r o p p e d  a l m o s t  s t r a i g h t  down, l a n d i n g  on t h i c k ,  r i g i d ,  smooth i c e  w h i c h  was 
d u s t e d  w i t h  snow. The l a n d i n g  p o s i t i o n  i s  e s t i m a t e d  t o  be  f e e t  f i r s t ,  body  c r o u c h e d  s l i g h t l y  f o r -  
ward,  l e f t  l e g  somewhat s t r a i g h t e r  t h a n  r i g h t .  He p r o b a b l y  t h e n  f e l l  f o r w a r d  o n t o  h i s  hands,  conl ing 
t o  r e s t  on  a l l  f o u r s .  He c r a w l e d  s e v e r a l  f e e t  t o  a  d i f f e r e n t  l o c a t i o n  b e f o r e  r e s c u e r s  a r r i v e d .  
SPECIFIC INJURIES: D i s p l a c e d  f r a c t u r e s  a c r o s s  d i s t a l  t h i r d  o f  l e f t  t i b i a  and f i b u l a  [LLFS-31; un- 
d i s p l a c e d  f r a c t u r e  o f  t h e  r i g h t  t i b i a  a t  m e d i a l  m a l l e o l u s  [LRFS-21; d i s p l a c e d  f r a c t u r e  o f  dome o f  
t h e  r i g h t  t a l u s  [QRFJ-31. 
RECOVERY: R i g h t  l e g  c o m p l e t e l y  r e c o v e r e d .  L e f t  l e g  s t i l l  i n  h a l f - l e g  w a l k i n g  c a s t  as o f  12 weeks 
a f t e r  f a l l .  
SOURCES OF DATA: _1I SUBJECT; X PARENTS; I 
- POLICE; _li HOSPITAL; WITNESSES; I 
X OTHER: r e s c u i n g  f i r e m a n ,  newspaper,  - 
c a n a l  l o c k  o p e r a t o r  
OTHER COMMENTS: S u b j e c t  was v e r y  h e a v i l y  
c l o t h e d  when he  f e l l - - p r o b a b l y  p r o v i d e d  much 
p a d d i n g .  Water  l e v e l  i n  c a n a l  raceway had 
been r a i s e d  b y  t i m e  o f  i n v e s t i g a t i o n .  Cana l  
o f f i c i a l s  p r o v i d e d  i n f o r m a t i o n  a b o u t  w a t e r  
l e v e l  a t  t i m e  o f  f a l l .  
CALCULATED DATA: 
IMPACT VELOCITY: 37 f t / s e c  (10 .7  m/sec)  
OAIS: 3  
ISS:  9 
T h i s  case  was s i m u l a t e d .  F o r c e s  do n o t  a c c o u n t  
f o r  f r a c t u r e  e f f e c t s  ( s e e  C h a p t e r  3 ) .  
E s t .  peak a c c e l :  head 111-191 g;  h i p  84- 
131 a 
E s t ,  peak a x i a l  f o r c e s :  f o o t :  4750-6650 l b  
(21,100-29,600 N )  
T i b i a  a t  f o o t :  4450-6750 l b  (19,800- 
29,900 N )  
T i b i a  a t  knee:  2450-3900 l b  (10,900-  
17,300 N )  
Femur ( p r o x i m a l ) :  1750-2800  l b  (7,800-12,500 N )  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 75 
SUBJECT: Female, 20 y r s ,  5  f t  2  m  ( 1 . 5 7  m ) ,  95 l b s  ( 4 3 . 0  k g )  
FALL DISTANCE: 67 f t  0  i n  ( 2 0 . 4  m) 
ENVIRONMENT: E i g h t h  f l o o r  window t o  lawn 
MAJOR INJURIES: Concuss ion ,  m u l t i p l e  r i b  f r a c t u r e s  w i t h  pneumothorax,  r u p t u r e d  s p l e e n ,  
f r a c t u r e s  o f  L5,  sacrum, p e l v i s ,  b o t h  a n k l e s .  
SUMMARY: S u b j e c t  was i n t o x i c a t e d ,  f o r  unknown r e a s o n s  c l i m b e d  o n t o  w i n d o w s i l l .  She f e l l  f r o m  
s i t t i n g  p o s i t i o n  some 67 f e e t  and l a n d e d  f e e t  f i r s t  on lawn.  She r e c e i v e d  m u l t i p l e  i n j u r e s  i n -  
c l u d i n g  c e r e b r a l  c o n t u s i o n  and c o n c u s s i o n ,  f r a c t u r e s  o f  5 l e f t  and 2  r i q h t  r i b s ,  a  r i q h t  pneu- 
mothorax ,  a  r u p t u r e d  s p l e e n ,  r e t r o p e r i t o n e a l  hemorrhage,  and f r a c t u r e s  o f  L-5,  t h e  sacrum, t h e  
p e l v i s  ( i s c h u m ,  i l i u m ,  p u b i c  bone and a c e t a b u l u m ) ,  and b o t h  a n k l e s .  She was h o s o i t a l i z e d  20 
days and i s  r e c o v e r i n g  s a t i s f a c t o r i l y .  
FALL CHRONOLOGY: S u b j e c t  was a p p a r e n t l y  s i t t i n g  on e i g h t h - f l o o r  w i n d o w s i l l  o f  h e r  d o r m i t o r y  
roon1, fac ing o u t .  She a p p a r e n t l y  f e l l  f o r w a r d  and down, l a n d i n g  on h e r  f e e t  on t h e  g r a s s y  s o i l  
b ~ l o w .  I m p r e s s i o n s  o f  h e r  f e e t ,  a b o u t  2  i n  ( 5  cm) deep, were f o u n d  a b o u t  8  f t  ( 2 . 5  m) f r o m  
b u i l d i n g .  She p r o b a b l y  p i t c h e d  f o r w a r d  when she l a n d e d .  
SPECIFIC INJURIES: C e r e b r a l  c o n c u s s i o n  and c o n t u s i o n ,  semi-comatose f o r  s e v e r a l  hours[HUKB-41; 
f r a c t u r e s  o f  r i g h t  r i b s  nos 2,3,4,5,7 and l e f t  r i b s  1,2 [CBFS-41; 30% r i g h t  pneumothorax 
[CROP-31 ; r u n t u r e d  s p l e e n ,  [MLRQ-41 ; r e t r o p e r i t o n e a l  hematoma & s l i g h t  h e m a t u r i a  [MULD-41 ; f r a c -  
t u r e  o f  t r a n s v e r s e  o r o c e s s  and l a m i n a  o f  L-5 [BIFV-31;  comminuted,  d i s p l a c e d  f r a c t u r e  o f  sacrum 
[ P P F S - 3 1 ;  n o n d i s p l a c e d  f r a c t u r e s  o f  r i g h t  h e m i p e l v i s  i n  i schum,  i l i u m ,  p u b i c  ramus, !i a c e t a b u l u m  
[PRFS-21 ; d i s p l a c e d  f r a c t u r e s  o f  r i g h t  m e d i a l  r n a l l e o l u s  & t a l u s ,  h n o n d i s p l a c e d  f r a c t u r e  o f  l e f t  
RECOVERY: P a r t i a l  a t  t i m e  o f  i n v e s t i g a t i o n .  She was home and m o s t l y  t a l u s  [QBFJ-21. 
a m b u l a t o r y ,  m e n t a l  s t a t u s  good. 
SOURCES OF DATA: X SUBJECT; J- PARENTS; 
X POLICE; _1(_ HOSPITAL; X WITNESSES; - 
X OTHER: r lormi  t o r y  r e s i d e n t s  - 
OTHER COMMENTS: 
CALCULATED DATA: 
IMPACT VELOCITY: 62 f t l s e c  ( 1 8 . 9  m l s e c )  
O A I S :  5  
I S S :  48 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 76 
SUBJECT: Ma le ,  7 y r s ,  4 f t  0 i n  (1.22m),  62 l b s  (28.1 k g )  
FALL DISTANCE: 17 f t  6 i n  ( 5 . 3  m) 
ENVIRONMENT : T r e e  1 imb t o  d r y  hard -packed  g r o u n d  
MAJOR INJURIES: F r a c t u r e s  o f  l e f t  femur  and l e f t  w r i s t  
SUMMARY: C h i l d  was c l i m b i n g  i n  pecan t r e e  a t  home. He was s t a n d i n g  on a b r a n c h  when t h e  
l i m b  b r o k e  c a u s i n g  t h e  c h i l d  t o  f a l l  17 .5  f t  t o  h a r d ,  d r y  g round  b e l o w .  H i s  i n j u r i e s  i n c l u d e d  
a f r a c t u r e d  m i d - s h a f t  o f  t h e  l e f t  femur ,  a f r a c t u r e d  l e f t  w r i s t ,  and b r u i s e s  on t h e  r i g h t  
s i d e  o f  h i s  head.  C h i l d  was h o s p i t a l i z e d  23 days .  Recovery  i s  a p p a r e n t l y  c o m p l e t e .  
FALL CHRONOLOGY: C h i l d  f e l l  when t r e e  b r a n c h  he was s t a n d i n g  on  b r o k e .  He d i d  n o t  c o n t a c t  
o t h e r  b ranches  as he f e l l .  I m p a c t  was on h a r d  d r y  ground,  used as a roadway f o r  f a r m  
v e h i c l e s .  He p r o b a b l y  l a n d e d  on h i s  l e f t  arm and knee. He was l y i n g  on h i s  r i g h t  s i d e  
when found .  
SPECIFIC INJURIES: Conminuted f r a c t u r e  o f  m i d s h a f t  o f  l e f t  femur  [TLFS-31; d i s p l a c e d  
f r a c t u r e  o f  d i s t a l  l e f t  r a d i u s  a t  t h e  e p i p h y s e a l  j o i n t  [WLFJ-31; c o n t u s i o n s  t o  r i g h t  s i d e  
o f  head [HRCI-11. 
RECOVERY: Complete.  F r a c t u r e s  were c o m p l e t e l y  u n i t e d  w i t h i n  6 months.  No a f t e r - e f f e c t s .  
SOURCES OF DATA: - SUBJECT; li_ PARENTS; 
- POLICE; - X HOSPITAL; - WITNESSES; 
A 
OTHER : 
OTHER COMMENTS : 
CALCULATED DATA: 
IMPACT VELOCITY: 33 f t / s e c  (10 .1  m/sec) 
DAIS: 3 
ISS:  10 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 7 7  
SUBJECT: Ma le ,  1 3  y r s  6  mo, a p p r o x  5  f t  ( 1 . 5  m), a p p r o x  100 I b s  ( 4 5 . 4  k g )  
FALLDISTANCE: 39 f t 6  i n  ( 1 2 . 0 m )  
ENVIRONMENT: C o n c r e t e  deck t o  smooth a s p h a l t  
MAJOR INJURIES: S k u l l  f r a c t u r e s ,  c e r e b r a l  C O ~ C U S S ~ O ~  and  c o n t u s i o n ,  f r a c t u r e s  o f  b o t h  f o r e -  
arms, r i g h t  femur and r i g h t  p a t e l l a ,  c o n t u s e d  k i d n e y  
SUMMARY: Boy was a t t e m p t i n g  t o  f l y  k i t e  on  c o n c r e t e  deck a t  a  r e s t o r e d  h i s t o r i c a l  s i t e .  He 
f e l l  backwards i n t o  a  l a r g e  p i t ,  l a n d i n g  on  h i s  o u t s t r e t c h e d  arms on a  smooth a s p h a l t  s u r f a c e  
a f t e r  f a l l i n g  n e a r l y  40 f e e t .  I n j u r i e s  i n c l u d e d  f r o n t a l  and b a s i l a r  s k u l l  f r a c t u r e s  w i t h  
c o n c u s s i o n  and p r o b a b l e  c o n t u s i o n ,  mu1 t i p l e  f r a c t u r e s  o f  t h e  l e f t  f o r e a r m  and f r a c t u r e s  o f  t h e  
r i g h t  f o r e a r m ,  r i g h t  femur  and r i g h t  p a t e l l a .  He was h o s p i t a l i z e d  107 days,  i n  t h r e e  hos-  
p i t a l s .  He has r e c o v e r e d  c o m p l e t e l y  e x c e p t  f o r  permanent  l o s s  o f  s i g h t .  
FALL CHRONOLOGY: S u b j e c t  was b a c k i n g  up a t o p  c o n c r e t e  deck .  K i t e  s t r i n g  snapped and he  s t u m b l e d  
backward o v e r  7 i n  ( 1 8  cm) l i p  a r o u n d  c i r c u l a r  p i t  and f e l l  i n t o  t h e  p i t .  He l a n d e d  on  smooth 
a s p h a l t  on  h i s  o u t s t r e t c h e d  arms, c o l l a p s e d  o n t o  h i s  head and r i g h t  knee and came t o  r e s t  on  h i s  
b a c k .  
SPECIFIC INJURIES: L i n e a r  f r o n t a l  and r i g h t  b a s i l a r  s k u l l  f r a c t u r e s ,  w i t h  c e r e b r a l  c o n c u s s i o n  
and c o n t u s i o n  and l o s s  o f  v i s i o n  [FSFS-2, HIKB-51; p r o b a b l e  b l u n t  t rauma t o  h e a r t ,  w i t h  p a r t i a l  
r i g h t  b u n d l e  b r a n c h  b l o c k  [CCCH-31; c o n t u s e d  k i d n e y  [MUCK-31; d i s p l a c e d  f r a c t u r e s  o f  d i s t a l  
r i g h t  r a d i u s  and u l n a  [RRFS-31; s e v e r e  comminuted f r a c t u r e s  o f  m i d s h a f t  and metaphyses of  l e f t  
r a d i u s  and u l n a  [RLFS-41; comminuted f r a c t u r e s  of  r i g h t  femur  a t  m i d s h a f t  and r i g h t  p a t e l l a  
[TRFS-3, KRFJ-31; c o n t u s i o n s  b o t h  eyes [FBCE-21. 
RECOVERY: As o f  t e n  weeks a f t e r  f a l l ,  h i s  r i g h t  arm was s t i l l  b r a c e d  and he needed a  w a l k e r  
S i x  months a f t e r  f a l l ,  a p p a r e n t l y  f u l l y  r e c o v e r e d  e x c e p t  f o r  permanent  t o t a l  b l i n d n e s s  i n  
b o t h  eyes .  
SOURCES OF DATA: - SUBJECT; X PARENTS ; -
X POLICE; X HOSPITAL; X WITNESSES; - - - 
X OTHER: Ambulance S e r v i c e  - 
OTHER COMMENTS : S u b j e c t  a d a p t i n g  we1 1  and 
r a p i d l y  t o  b l i n d n e s s .  P h y s i c i a n s  i n i t i a l l y  
qave h im o n l y  5  M chance of  s u r v i v a l .  
CALCULATED DATA : 
IMPACT VELOCITY: 49 f t l s e c  ( 1 4 . 9  m l s e c )  
0 AIS:  5+ 
ISS:  50 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 78 
SUBJECT : Ma le ,  5 y r s ,  h e i g h t  unknown, 45  l b s  ( 2 0 . 4  k g )  
FALL DISTANCE: 1 7  f t  6 i n  ( 5 . 3  m) 
ENVIRONMENT: P o r c h  r a i  1  i n g  t o  c o n c r e t e  pavement  
MAJOR INJURIES: R i g h t  1  i n e a r  p a r i e t a l  sku1 1  f r a c t u r e ,  c o n c u s s i o n  
SUMMARY: C h i l d  was w a i t i n g  w i t h  h i s  s i s t e r  on  t h e  t h i r d  f l o o r  l a n d i n g  o f  h i s  a p a r t m e n t  
r e s i d e n c e .  He a p p a r e n t l y  c l i m b e d  o v e r  o r  be tween t h e  v e r t i c a l  m e t a l  b a r s  o f  t h e  l a n d i n g  
r a i l i n g  and  was h a n g i n g  o n t o  t h e  o u t s i d e  o f  r a i l i n g  when he  l o s t  h i s  g r i p .  C h i l d  f e l l  
17 f t .  t o  t h e  c o n c r e t e  p a t i o .  He s u s t a i n e d  a  r i g h t  l i n e a r  p a r i e t a l  s k u l l  f r a c t u r e  and 
was h o s p i t a l i z e d  1 7  days .  
FALL CHRONOLOGY: He c l i m b e d  o v e r  3  f t  ( . 9  m) r a i l ,  o r  be tween t h e  v e r t i c a l  m e t a l  b a r s ,  and 
was h a n g i n g  on t h e  o u t s i d e  o f  t h e  r a i l i n g  f a c i n g  t h e  p o r c h .  He l o s t  h i s  g r i p  and f e l l  t o  t h e  
c o n c r e t e  p a t i o .  C h i l d  p r o b a b l y  l a n d e d  f e e t  f i r s t ,  t h e n  t o p p l e d  o n t o  r i g h t  s i d e ,  s t r i k i n g  
r i g h t  s i d e  o f  head on pavement .  
SPECIFIC INJURIES: Long l i n e a r  f r a c t u r e  t h r o u g h  t h e  p o s t e r o - i n f e r i o r  a s p e c t  o f  t h e  r i g h t  
p a r i e t a l  bone w i t h  t h e  f r a c t u r e  l i n e  e x t e n d i n g  i n t o  t h e  l a m b d o i d a l  s u t u r e  and squamosal 
s u t u r e ;  c o n c u s s i o n  b u t  n o  l o s s  o f  c o n s c i o u s n e s s  [HRKB-21. 
RECOVERY : A p p a r e n t l y  c o m p l e t e .  
SOURCES OF DATA: - X SUBJECT; PARENTS; 
X - POLICE; 2 HOSPITAL; - WITNESSES; 
- OTHER : 
OTHER COMMENTS : 
CALCULATED DATA: 
IMPACT VELOCITY: 33 f t / S e c  ( 1 0 . 1  m/sec)  
OAIS: 2 
I S S :  4 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 79 
SUBJECT: Ma le ,  1  y r  10 mo, 2  f t  9 i n  (.84 m), 36 l b s  ( 1 6 . 3  k g )  
FALL DISTANCE: 12 f t  3 i n  ( 3 . 7  m) 
ENVIRONMENT: Window t o  b a r e  s o i l  
MAJOR INJURIES: C e r e b r a l  c o n c u s s i o n ,  o r b i t a l  f r a c t u r e  
SUMMARY: C h i l d  was s t a n d i n g  a t  s l i g h t l y  open window w a t c h i n g  some a c t i v i t y  o u t s i d e .  
A p p a r e n t l y ,  he  pushed window open f u r t h e r  and l e a n e d  o u t  t o  g e t  a  b e t t e r  v i e w .  Screen  came 
l o o s e  and c h i l d  f e l l  12 f e e t  t o  t h e  b a r e  s o i l  b e n e a t h  t h e  window. He was h o s p i t a l i z e d  4 
days w i t h  a  c o n c u s s i o n  and r i g h t  o r b i t a l  f r a c t u r e .  Recovery  i s  c o m p l e t e  e x c e p t  f o r  some 
r e s i d u a l  b l a c k e n i n g  u n d e r  r i g h t  eye .  
FALL CHRONOLOGY: Window was open o n l y  a  few i n c h e s ,  w i t h  an  expandab le  s c r e e n  i n  o u t e r  window 
c h a n n e l .  C h i l d  pushed window open f u r t h e r  and l e a n e d  o u t ,  d i s l o d g i n g  s c r e e n  and t u m b l i n g  
o v e r  w i n d o w s i l l .  He l a n d e d  h e a d - f i r s t  o n  b a r e  s o i l  n e x t  t o  s l a t e  s i d e w a l k .  He was f o u n d  
l y i n g  f a c e  down w i t h  h i s  head o n  t h e  s l a t e ,  b u t  he  was c o n s c i o u s  and mov ing  b y  t h a t  t i m e .  
SPECIFIC INJURIES: C e r e b r a l  c o n c u s s i o n ,  w i t h  u n d i s p l a c e d  h a i r l i n e  o r b i t a l  f r a c t u r e  r i g h t  
s i d e  [HRKB-21; m a j o r  c o n t u s i o n  o f  r i g h t  eye [FRCE-21; a b r a s i o n  o v e r  r i g h t  a n t e r i o r  i l i a c  
bone [PRAI-11. 
RECOVERY: Complete e x c e p t  f o r  some r e s i d u a l  b l a c k e n i n g  under  r i g h t  e y e .  
SOURCES OF DATA: - SUBJECT; _1L PARENTS ; 
X POLICE; X HOSPITAL; - WITNESSES; - - 
- OTHER : 
OTHER COMMENTS : 
CALCULATED DATA: 
IMPACT VELOCITY: 28 f t l s e c  ( 8 . 5  m l s e c )  
O A I S :  2  
ISS:  
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 80 
SUBJECT : Female, 4 y r s ,  3 f t  4 i n  ( 1 . 0 2  m), 32 l b s  ( 1 4 . 5  k g )  
FALL DISTANCE: 17 f t  6 i n  ( 5 . 3  m) 
ENVIRONMENT: Porch  t o  c o n c r e t e  w a l k  
MAJOR INJURIES: L i n e a r  sku1  1  f r a c t u r e ,  b r a i n  c o n t u s i o n ,  b r u i s e s  on  r i g h t  s i d e  o f  f a c e .  
SUMMARY: C h i l d  was c h a s i n g  a  b a l l  on  back p o r c h  o f  second f l o o r  r e s i d e n c e  o f  h e r  baby-  
s i t t e r .  She r a n  u n d e r  t h e  p o r c h  r a i l i n g  and f e l l  a b o u t  17 f t .  t o  t h e  c o n c r e t e  w a l k  i n  t h e  
r e a r  y a r d .  She s u s t a i n e d  a  l i n e a r  s k u l l  f r a c t u r e ,  b r a i n  c o n t u s i o n ,  and b r u i s e s  and was 
h o s p i t a l i z e d  10 days.  Recovery  i s  c o m p l e t e .  
FALL CHRONOLOGY: She a p p a r e n t l y  l u n g e d  f o r  h e r  b a l l  n e a r  t h e  edge o f  t h e  p o r c h .  The m i d d l e  
r a i l  was m i s s i n g  and t h e  c h i l d  passed  u n d e r  t h e  25 i n  ( 6 4  cm) h i g h  t o p  r a i l .  P r o b a b l y ,  h e r  
momentum c a r r i e d  h e r  o f f  t h e  p o r c h .  She l a n d e d  head f i r s t  on  a  c o n c r e t e  pavement .  
SPECIFIC INJURIES: L i n e a r  s k u l l  f r a c t u r e  r i g h t  s i d e ,  w i t h  c o n c u s s i o n  and s l i g h t  b r a i n  
c o n t u s i o n  ( n o  l o s s  o f  c o n s c i o u s n e s s )  [HRKB-31; b r u i s e s  r i g h t  s i d e  o f  f a c e  [FRCI-1 1; a b r a s i o n  
r i g h t  t h i g h .  [TRAI-11.  
RECOVERY: Complete a c c o r d i n g  t o  p h y s i c i a n .  M o t h e r  n o t e d  no  changes i n  p e r s o n a l i t y  o r  
temperament .  
SOURCES OF DATA: 1(_ SUBJECT; 1(_ PARENTS ; 
X- POLICE; - HOSPITAL; - WITNESSES; 
X OTHER: Ambulance S e r v i c e  - 
OTHER COMMENTS : P a r e n t s  d e c l i n e d  t o  a p p r o v e  
m e d i c a l  r e l e a s e  as t h e y  were  p l a n n i n g  
l i t i g a t i o n .  
CALCULATED DATA: 
IMPACT VELOCITY: 33 f t l s e c  ( 1 0 . 1  m l s e c )  
OAIS:  3 
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FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 81 
SUBJECT : Ma le ,  3 y r s  R mo, 3 f t  0  i n  ( 0 . 9 1  m), w e i g h t  unknown 
FALL DISTANCE: 2 5  f t  4 i n  ( 7 . 7  m) 
ENVIRONMENT: T h i r d  f l o o r  w indows i  11 t o  h a r d  packed  g r a v e l  d r i v e w a y  
MAJOR INJURIES: F r a c t u r e s  o f  r i g h t  femur  and l e f t  o r b i t .  
SUMMARY: C h i l d  was l e a n i n g  o u t  o f  window, p r o b a b l y  l o o k i n g  a t  s q u i r r e l  i n  n e a r b y  t r e e .  He 
f e l l  f r o m  t h i r d  s t o r y  bedroom window, a b o u t  25 f t . ,  t o  g r a v e l  d r i v e w a y  b e l o w .  He was 
h o s p i t a l i z e d  44 days f o r  t r e a t m e n t  o f  h i s  i n j u r i e s  w h i c h  i n c l u d e d  a  t r a n s v e r s e  f r a c t u r e  
o f  m i d s h a f t  o f  r i g h t  femur,  l e f t  o r b i t a l  f r a c t u r e ,  and f a c i a l  l a c e r a t i o n s .  Complete 
r e c o v e r y  was e x p e c t e d .  
FALL CHRONOLOGY: C h i l d  was p r o b a b l y  l e a n i n g  f o r w a r d  o u t  o f  window. He l e a n e d  t o o  f a r  and f e l l  
o u t  o f  window. He p r o b a b l y  l a n d e d  i n  a  p r o n e  p o s i t i o n  b u t  w i t h  h i s  r i g h t  l e g  drawn up under  
h im.  He was f o u n d  on  h i s  knees w i t h  f a c e  on  g round .  
S P E C I F I C  INJURIES: Dazed and s l i g h t l y  s t u p o r o u s  f o r  24 h o u r s  [HLKB- I ] ;  d i s p l a c e d  t r a n s v e r s e  
f r a c t u r e  o f  l i l i d s h a f t  o f  r i g h t  femur [TRFS-31; f r a c t u r e  of  f l o o r  o f  l e f t  o r b i t  [FLFS-31; s u p e r -  
f i c i a l  l a c e r a t i o n s  o v e r  l e f t  eye,  on l e f t  cheek and l e f t  l o w e r  l i p  [FSLI -1 ,  FLLD-11. 
R E C O V E R Y :  P r o g r e s s i n g .  S u b j e c t  was s t i l l  i n  h o s p i t a l  a t  t i m e  o f  i n v e s t i g a t i o n .  F u l l  
r e c o v e r y  was e x p e c t e d .  
SOURCES OF DATA: - SUBJECT; PARENTS ; 
- POLICE; - X HOSPITAL; - WITNESSES; 
-- OTHER: 
OTHER COMMENTS: S u b j e c t  had h i s t o r y  o f  two 
o t h e r  f a l l s  w h i c h  were n o t  f r e e - f a l l s .  
CALCULATED DATA: 
IMPACT VELOCITY: 40 f t / s e c  ( 1 2 . 2  m/sec)  
OAIS: 3 
ISS:  19 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 82 
SUBJECT : M a l e ,  16 y r s ,  5 f t  6  i n  ( 1 . 6 8  m), 121 l b s  ( 5 4 . 9  k g )  
FALL DISTANCE: 11 f t  10 i n  ( 3 . 6  m) 
ENVIRONMENT: Broken  t r e e  b r a n c h  t o  a s p h a l t  s t r e e t  
MAJOR INJURIES: Concuss ion ,  b r u i s e s  
SUMMARY: Youth was a t t e m p t i n g  t o  r e t r i e v e  a  h o r s e ' s  h a l t e r  w h i c h  had become c a u g h t  i n  t r e e  
l i m b s .  He c l i m b e d  t h e  t r e e  and went  o u t  on  a  b r a n c h  t o  r e a c h  t h e  ha1 t e r .  The l i m b  b r o k e  
sudden ly  and  t h e  y o u t h  f e l l  a b o u t  12 f e e t  t o  t h e  a s p h a l t  pavement, l a n d i n g  on  h i s  back .  
I n j u r i e s  i n c l u d e d  a  c e r e b r a l  c o n c u s s i o n  and a b r a s i o n s  and  c o n t u s i o n s  o f  r i g h t  s h o u l d e r  and 
r i g h t  f o r e a r m .  The y o u t h  was h o s p i t a l i z e d  f o r  o b s e r v a t i o n  o v e r  n i g h t  and d i s c h a r g e d  t h e  
n e x t  day.  
FALL CHRONOLOGY: Youth c l i m b e d  a l o n g  b r a n c h ,  w i t h  h i s  hands and l e g s  wrapped a r o u n d  t h e  b ranch  
( s l o t h - l i k e ) .  The b r a n c h  was b r i t t l e ;  i t  d i d  n o t  bend much b u t  b r o k e  s u d d e n l y .  He l a n d e d  on 
a s p h a l t  p a v i n g  n e a r  t h e  edge o f  t h e  s t r e e t  w i t h  h i s  head i n  a  r o u n d - b o t t o m  3 i n  ( 8  cm) deep 
w a t e r  r u n o f f  channe l  w h i c h  i s  c o n t i n u o u s  w i t h  t h e  s t r e e t  p a v i n g .  A c c o r d i n g  t o  w i t n e s s ,  y o u t h  
impac ted  h e a d - f i r s t ,  t h e n  on  h i s  r i g h t  s h o u l d e r  and back .  He came t o  r e s t  i n  a  s u p i n e  p o s i t i o n  
w i t h  h i s  l e g s  on  t h e  s t r e e t  and head and s h o u l d e r s  i n  t h e  s t o r m  d r a i n  c h a n n e l .  
SPECIFIC INJURIES: C e r e b r a l  c o n c u s s i o n ,  w i t h  a  s h o r t  p e r i o d  o f  nausea b u t  no l o s s  o f  con-  
s c i o u s n e s s  [HPKB-21; a b r a s i o n s  o f  t h e  upper  r i g h t  s h o u l d e r ,  r i g h t  f o r e a r m  and r i q h t  o c c i p i t a l  
a r e a  [SRAI-1, RRAI-1, H P A I - I ] ;  c o n t u s i o n  on  back p a r a l l e l  t o  s p i n e  [ B C C I - I ] .  
RECOVERY: N e a r l y  c o m p l e t e  two weeks a f t e r  f a l l .  Had s l i g h t  v i s i o n  p r o b l e m  when l o o k i n g  down 
( h i s  eyes c r o s s ,  he  s a i d ) .  
SOURCES OF DATA: X SUBJECT; J- PAHENTS; 
- POLICE; -X HOSPITAL; - X WITNESSES; 
- OTHER : 
OTHER COMMENTS: Broken  b r a n c h  was a b o u t  
2 i n  ( 5  cm) d i a m e t e r  a t  t h e  b r e a k  p o i n t .  
CALCULATED DATA: 
IMPACT VELOCITY: 27 f t l s e c  ( 8 . 2  m l s e c )  
O A I S :  2  
I S S :  5 
' r '  
--J 
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FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 83 
SUBJECT: Male,  3 y r s ,  3 f t  3 i n  (0.99111) a p p r o x  30 l b s  (13 .6  kg)  
FALL DISTANCE: 16 f t  3 i n  ( 5 . 0  m) 
ENVIRONMENT: Second s t o r y  window t o  unpaved a1 1 ey  
MAJOR INJURIES: No s i g n i f i c a n t  i n j u r i e s  
SUMMARY: C h i l d  f e l l  a b o u t  16 f t  f r o m  second s t o r y  window t o  unpaved a l l e y w a y .  H i s  i n j u r i e s  
i n c l u d e d  a b r u i s e  o v e r  l e f t  eye,  s c r a t c h e s  on l e f t  s i d e  o f  f a c e ,  and b r u i s e  on  back o f  l e g .  
He was h o s p i t a l i z e d  f o r  5 days f o r  o b s e r v a t i o n .  
FALL CHRONOLOGY: C h i l d  was p r o b a b l y  s t a n d i n g  on h i s  bed.  He f e l l  t h r o u g h  an open s e c o n d - f l o o r  
window and landed ,  p r o b a b l y  h e a d - f i r s t ,  on hard -packed  g r a v e l .  
SPECIFIC INJURIES: B r u i s e  o v e r  l e f t  eye  [FLCE-I ] ;  s c r a t c h e s  on l e f t  s i d e  o f  f a c e  [FLAI-11;  
b r u i s e  on  l e g  [LUCI-11.  No o t h e r  known i n j u r i e s  ( x - r a y s  a l l  n e g a t i v e ) .  
RECOVERY: Complete,  no a p p a r e n t  a f t e r  e f f e c t s .  
SOURCES OF DATA: SUBJECT; J- PAKENTS; 
- POLICE; - HOSPITAL ; - WITNESSES; 
-- OTHER : 
OTHER COMMENTS : P a r e n t s  d e c l  i n e d  t o  r e l e a s e  
r e c o r d s .  
CALCULATED DATA: 
IMPACT VELOCITY: 31 f t l s e c  ( 9 .  4 m l s e c )  
O A I S :  1 
I S S :  1 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER : 84 
SUBJECT: Male,  1  y r  4  mo, h e i g h t  unknown, 23  l b  ( 1 0 . 4  kg) 
FALL DISTANCE: 10 f t 6 i n  ( 3 . 2  m) 
ENVIRONMENT: 2nd s t o r y  window t o  l a w n  
MAJOR INJURIES: P o s s i b l e  concuss ion ,  o o s s i  b l e  i n t e r n a l  i n j u r i e s .  
SUMMARY: C h i l d  f e l l  f r o m  a  2nd s t o r y  window, r o l l i n g  as he l o s t  h i s  b a l a n c e ,  and l a n d e d  
b a c k - f i r s t  on a  l a w n  o f  t h i c k  g r a s s .  I n j u r i e s  i n c l u d e d  c o n t u s i o n s  t o  l o w e r  back ,  c o n c u s s i o n  
w i t h  a  s h o r t  p e r i o d  o f  unconsc iousness .  S u b j e c t  may a l s o  have had s l i g h t  i n t e r n a l  i n j u r i e s  
s i n c e  he was d e s c r i b e d  as " c o u g h i n g  uo b l o o d  a l l  n i g h t . "  T r e a t e d  and r e l e a s e d  a t  h o s o i t a l .  
Recovery a p p a r e n t l y  c o m p l e t e .  
FALL CHRONOLOGY: T o d d l e r  a p p a r e n t l y  l o s t  b a l a n c e  and f e l l  t o  s i t t i n g  p o s i t i o n  b e s i d e  
unscreened  t i l t - o u t  l o w e r  s e c t i o n  o f  a p a r t m e n t  window. S i n c e  t h e  w i n d o w s i l l  was o n l y  a  
few i n c h e s  above t h e  f l o o r ,  t h e  c h i l d  r o l l e d  s ideways o u t  o f  window. He l a n d e d  on 
h i s  back on deep t u r f  l a w n .  
SPECIFIC INJURIES: Concuss ion ,  s h o r t  p e r i o d  o f  unconsc iousness  [HPKB-21; c o n t u s i o n s  on  
l o w e r  back above b u t t o c k s  [BLCI-1 I. 
RECOVERY: Complete.  I n i t i a l l y  had t r o u b l e  s l e e p i n g ;  was i r r i t a b l e  f o r  a  month.  
SOURCES OF DATA: - SUBJECT; PARENTS; 
X POLICE; 1 HOSPITAL; - WITNESSES; - 
X OTHER: Apar tment  manager - 
OTHER COMMENTS : F a t h e r ,  a  paramed ic ,  gave 
mouth t o  mouth r e s u s c i t a t i o n  f o r  a b o u t  30 
sec t o  r e v i v e  t h e  c h i l d .  
CALCULATED DATA: 
IMPACT VELOCITY: 2 5  f t / s e c  ( 7 . 6  m/sec) 
OAIS: 2 
ISS:  5 
F R E E - F A L L  STUDY CASE REPORT 
CASE NUMBER: 85 
S U B J E C T :  Ma le ,  3 y r s  11 mo, 2 f t  10 i n  ( 0 . 8 6  m),  w e i g h t  unknown 
FALL DISTANCE: 12 f t  7 i n  ( 3 . 8  m) 
ENVIRONMENT: Second-f  l o o r  window t o  lawn 
MAJOR I N J U R I E S :  tione 
SUMMARY: C h i l d  c l i m b e d  o n t o  w i n d o w s i l l  i n  bedroom. He f e l l  a g a i n s t  t h e  sc reen ,  w h i c h  came 
l o o s e .  He f e l l  a l m o s t  13 f e e t ,  l a n d i n g  on  a g r a s s y  l a w n .  He s u s t a i n e d  no i n j u r i e s  and was 
n o t  t r e a t e d  o r  examined b y  a p h y s i c i a n .  
F A L L  CHRONOLOGY: C h i l d  l e a n e d  a g a i n s t  o r  f e l l  a g a i n s t  window s c r e e n  w h i l e  p l a y i n g  n e x t  t o  
open window. The s c r e e n  d i s l o d g e d  and t h e  c h i l d  f e l l  t o  a  s o f t  g r a s s y  lawn.  H i s  p o s i t i o n  
a t  l a n d i n g  i s  unknown, b u t  p resumab ly  was n o t  h e a d - f i r s t .  
SPECIFIC INJURIES: He had no i n j u r i e s  a t  a l l .  He was n o t  seen b y  a  p h y s i c i a n .  
RECOVERY: No i n j u r i e s ,  no  i n d i c a t i o n  o f  a f t e r  e f f e c t s .  
SOURCES OF D A T A :  X SUBJECT;  X PARENTS;  
X P O L I C E ;  - H O S P I T A L ;  - WITNESSES;  - 
- OTHER:  
OTHER COMMENTS : 
CALCULATED DATA:  
IMPACT V E L O C I T Y :  28 f t l s e c  (8 .5  m l s e c )  
O A I S :  0 
ISS:  0 
UNKNOWN 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 86 
SUBJECT: Male,  61 y r s ,  6  f t  ( 1 . 8 3  m),  w e i g h t  unknown 
FALL DISTANCE: 9  f t  6  i n  ( 2 . 9  m) 
ENVIRONMENT: Top o f  s t e p  l a d d e r  t o  smooth a s p h a l t  
MAJOR INJURIES: F r a c t u r e s  o f  f e e t  and a n k l e s  o f  b o t h  l e g s  
SUMMARY: S u b j e c t  was on a  p l a t f o r m  i n s p e c t i n g  w e l d s .  A p p a r e n t l y  be1 i e v i n g  t h a t  sorneone was h o l d i n g  
t h e  l a d d e r ,  t h e  s u b j e c t  s t e p p e d  f r o m  beam o n t o  t o p  o f  l a d d e r .  When t h e  s t e p l a d d e r  s t a r t e d  t o  t i p  
o v e r ,  t h e  s u b j e c t  pushed h i m s e l f  away f r o m  beams and f e l l ,  a b o u t  10 f t ,  t o  a s p h a l t .  He s u f f e r e d  
f r a c t u r e s  t o  b o t h  a n k l e s  and b o t h  f e e t .  He was h o s p i t a l i z e d  a b o u t  two  weeks and has n o t  y e t  r p -  
c o v e r e d  f u l l  use o f  h i s  l e g s .  
FALL CHRONOLOGY: S u b j e c t ,  assuming t h a t  t h e  l a d d e r  was b e i n g  s t e a d i e d  f r o ~ n  b e l o w ,  p r o b a b l y  dr,opped to 
t h e  t o p  r u n g  f r o m  a  beam w h i c h  was 4 f t  ( 1 . 2  m) h i g h e r  t h a n  t h e  l a d d e r .  The l a d d e r  s l i p p e d ,  t h e  sub-  
j e c t  f e l t  h i m s e l f  f a l l i n g  and pushed away f r o m  t h e  beam and t h e  l a d d e r .  He f e l l  backward i n  an up- 
r i g h t  p o s i t i o n ,  l a n d i n g  h e e l s  f i r s t  on a  smooth a s p h a l t  s u r f a c e .  He came t o  r e s t  on h i s  back w i t h  h i s  
l e g s  p a r t l y  drawn up. 
SPECIFIC INJURIES: F r a c t u r e s  o f  b o t h  l o w e r  l e g s  [LBFS-21; f r a c t u r e s  o f  b o t h  " f e e t "  ( p r o b a b l y  h e e l s )  
[QBFS-21. No u n c o n s c i o u s n e s s ,  no  i n d i c a t i o n  o f  o t h e r  i n j u r i e s .  
RECOVERY: N o t  y e t  f u l l y  r e c o v e r e d .  C r u t c h e s  o r  w h e e l c h a i r  a r e  p e r i o d i c a l l y  n e c e s s a r y  ( a s  o f  7',, 
months a f t e r  f a l l ) .  R e t u r n e d  t o  work 3 months a f t e r  f a l l .  
SOURCES OF DATA: - SUBJECT; - PARENTS; 
- POLICE; - HOSPITAL; - WITNESSES; 
X OTHER: s u p e r v i s o r ,  f e l l o w  employees - 
OTHER COMMENTS: S u b j e c t  was o u t  o f  town 
a t  t i m e  o f  i n v e s t i g a t i o n  and c o u l d  n o t  be  
c o n t a c t e d .  He had d e s c r i b e d  f a l l  sequence 
t o  f e l l o w  employees.  
CALCULATED DATA: 
IMPACT VELOCITY: 23 f t l s e c  ( 7 . 0  m/sec)  
OAIS: 2  
I S S :  4 
FREE-FALL STUDY CASE REPORT 
SUBJECT: Ma le ,  6  y r  6 mo, h t  unknown, w t  55  l b s  (24 .9  k g )  
FALL DISTANCE: 10 f t  2  i n  ( 3 . 1  m) 
ENVIRONMENT: F i r s t  f l o o r  l e v e l  t o  c o n c r e t e  basement  f l o o r  
MAJOR INJURIES: C e r e b r a l  c o n t u s i o n ,  r i g h t  h e m i p a r e s i s  
SUMMARY: C h i l d  f e l l  t h r o u g h  basement  s t a i r w a y  o p e n i n g  o f  house u n d e r  c o n s t r u c t i o n .  He f e l l  t o  
smooth c o n c r e t e  basement  f l o o r ,  l a n d i n g  on head,  and was knocked u n c o n s c i o u s .  I n j u r i e s  i n c l u d e d  
s e v e r e  b r a i n  c o n t u s i o n  and r i g h t  h e m i p a r e s i s - - n o  f r a c t u r e s .  H o s p i t a l i z e d  e i g h t  days, i n  t h e r a p y  
s i n c e .  Recovery  i s  p a r t i a l .  
FALL CHRONOLOGY : S u b j e c t  was i n  house u n d e r  c o n s t r u c t i o n .  Basement s t a i  r w e l l  was f ramed i n ,  b u t  
s t a i r s  were  n o t  i n s t a l l e d .  P o s i t i o n  a t  s t a r t  o f  f a l l  unknown, p resumab ly  backed  i n t o  open s t a i r -  
w e l l  f r o m  s t a n d i n g  p o s i t i o n ,  f e l l  10 f t  2  i n ,  and l a n d e d  on t h e  r i g h t  s i d e  o f  h i s  head, b e h i n d  
t h e  e a r .  
SPECIFIC INJURIES: S l i g h t  c o n t u s i o n ,  r i g h t  t e m p o r a l  and m a s t o i d  a r e a s  [HRCI-1 I ; s e v e r e  c e r e b r a l  
c o n t u s i o n ,  w i t h  r i g h t  h e m i p a r e s i s ,  was comatose o r  s t u p o r o u s  f o r  s e v e r a l  days [HLKB-51. No 
f r a c t u r e s  were  s u s t a i n e d .  
RECOVERY: P a r t i a l  r e c o v e r y .  Speech, a m b u l a t i o n  and h e a r i n g  r e s t o r e d .  R i g h t - s i d e  l i m p  p e r s i s t s ;  
has no  use o f  r i g h t  arm. 
SOURCES OF DATA: X SUBJECT; _2j PARENTS; 
POLICE; 2 HOSPITAL; - WITNESSES; 
- OTHER: 
OTHER COMMENTS: S i t e  was n o t  v i s i t e d ,  s i n c e  
c o n s t r u c t i o n  c o m p l e t e .  F a l l  h e i g h t  was 
a c c u r a t e l y  measured b y  f a t h e r  o f  s u b j e c t .  
CALCULATED DATA : 
IMPACT VELOCITY: 24 f t / s e c  ( 7 . 3  m/sec)  
OAIS: 5 
I S S :  26 
T h i s  case  was s i m u l a t e d  ( s e e  C h a p t e r  3 ) .  
E s t .  peak head a c c e l :  582-660 g ' s  
[ s t .  peak norma l  f o r c e  t o  head :  4,700-4,800 1  
(20,900-21,350 N )  
E s t .  peak head d e f l e c t i o n :  .48 - .49  i n  
( 1 . 2 2 - 1 . 2 4  cm) 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 88 
SUBJECT: Male, 10 y r s ,  8 mo, 4 f t  8 i n  ( 1 . 4 2  m), 72 l b s  ( 3 2 . 7  k g )  
FALL DISTANCE: 15 f t  0  i n  ( 4 . 6  m) 
ENVIRONMENT : Roof  t o  f r o z e n  g rass -covered  s o i l  
MAJOR INJURIES: F r a c t u r e s  o f  b o t h  fo rearms,  e x t e n s i v e  1  a c e r a t i o n  i n s i d e  l o w e r  p o r t i o n  
o f  mouth 
SUMMARY: C h i l d  was a t t e m p t i n g  t o  f l y  a  k i t e  on n e a r l y - f l a t  r o o f  o f  f a m i l y  home. H i s  b r o t h e r  
saw h i m  s l i p  backward o f f  t h e  edge o f  t h e  r o o f ,  f a l l i n g  1 5  f t  t o  t h e  f r o z e n  g round .  I n j u r i e ~  
i n c l u d e d  an open f r a c t u r e  o f  t h e  r i g h t  fo rearm,  a  c l o s e d  f r a c t u r e  o f  t h e  l e f t  f o r e a r m  and an 
e x t e n s i v e  l a c e r a t i o n  o f  t h e  l o w e r  g i n g i v a l  a r e a .  He was h o s p i t a l i z e d  f o r  2 days a r ~ d  i s  now 
f 1.111 y r e c o v e r e d .  
FALL CHRONOLOGY: C h i l d  was r u n n i n g  backward on n e a r l y  f l a t  r o o f  o f  r e s i d e n c e  t r y i n g  t o  g e t  h i s  
k i t e  a i r b o r n e .  He s l i p p e d  on an i c y  a r e a  somewhere n e a r  t h e  edge o f  t h e  c o m o o s i t i o n  s tone-and-  
t a r  r o o f  and f e l l  backward o v e r  t h e  edge i n  a  s t a n d i n g  o r  n e a r l y  s t a n d i n g  p o s i t i o n .  He p r o b a b l y  
r o t a t e d  i n  m i d - a i r ,  l a n d i n g  on h i s  o u t s t r e t c h e d  arms i m m e d i a t e l y  b e s i d e  a  b r i c k - e d g e d  f l o w e r  
bed, t h e n  i m p a c t i n g  h i s  c h i n  on a  b r i c k .  He a p p a r e n t l y  r o l l e d  a f t e r  l a n d i n g ,  s i n c e  t r a c e s  o f  
b l o o d  were f o u n d  on  t h e  lawn s e v e r a l  f e e t  f r o m  h i s  f i n a l  p o s i t i o n .  
SPECIFIC INJURIES: F r a c t u r e s  of  b o t h  r i g h t  and l e f t  r a d i u s  and u l n a ,  i n  d i s t a l  s h a f t s ,  w i t h  
marked o v e r r i d i n g  (open on r i g h t  s i d e )  [REFS-31; 3-4 i n  ( 7 . 6 - 1 0 . 2  cm) l a c e r a t i o n  o f  l o w e r  
g i n g i v a l  marg in ,  w i t h  s o f t  t i s s u e  a v u l s e d  f r o m  l o w e r  t e e t h  a l m o s t  t o  i n f e r i o r  b o r d e r  o f  m a n d i b l e  
[FILD-21 ; a b r a s i o n  and s w e l l  i n g  o f  r i g h t  cheek [FRAI-11 , b l o o d y  nose [FCHR-1 I .  
RECOVERY: Complete.  S u b j e c t  r e g a i n e d  c o n f i d e n c e  i n  use  o f  arms b y  swimming o f t e n .  
SOURCES OF DATA: - SUBJECT; _li PARENTS; 
X POLICE; X HOSPITAL; X WITNESSES; - - 
X OTHER: Ambulance s e r v i c e  - 
OTHER COMMENTS: Mother  i n d i c a t e s  t h a t  
s u b j e c t  no l o n g e r  goes o n t o  t h e  r o o f .  
Grass was found  d e e p l y  imbedded i n s i d e  t h e  
g i n g i v a l  l a c e r a t i o n .  
CALCULATED DATA: 
IMPACT VELOCITY: 30 f t / s e c  ( 9 . 1  m/sec)  
AIS:  3 
I S S :  14 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 89 
SUBJECT: Male,  1 y r  6 mo, 2 f t  11 i n  (0 .89  m ) ,  30 l b s  (13 .6  k g )  
FALL DISTANCE: 1 3  f t  6 i n  ( 4 . 1  m) 
ENVIRONMENT: Window t o  a s p h a l t  s i d e w a l k  
MAJOR INJURIES: C o n t u s i o n  r i g h t  b u t t o c k ,  S W O ~  ] e n  r i g h t  f o o t  
SUMMARY: I n f a n t  a p p a r e n t l y  c l i m b e d  up on a c h e s t  benea th  t h e  window i n  h i s  bedroom and f e l l  
o u t  t h e  window. He f e l l  a b o u t  13 f t  t o  a s p h a l t  walkway.  I n f a n t  was t r e a t e d  and r e l e a s e d  
f rom h o s p i t a l  w i t h  no i n j u r i e s  o t h e r  t h a n  a c o n t u s i o n  o f  t h e  r i g h t  b u t t o c k .  The f o l l o w i n g  
day h i s  mother  n o t i c e d  c o n s i d e r a b l e  s w e l l i n g  o f  h i s  r i g h t  f o o t  w h i c h  was s u b s e q u e n t l y  p u t  
i n  a w a l k i n g  c a s t  f o r  t h r e e  weeks. 
FALL CHRONOLOGY: I n f a n t  f e l l  f r o m  second s t o r y  window t o  a s p h a l t  walkway.  He l a n d e d  on h i s  
f e e t ,  t h e n  f e l l  t o  a s i t t i n g  p o s i t i o n .  He came t o  r e s t  on h i s  b e l l y .  
SPECIFIC INJURIES: C o n t u s i o n  r i g h t  b u t t o c k  [PPCI-11; s w e l l i n g  o f  r i g h t  f o o t  and a n k l e  [QRCI-11. 
RECOVERY : A p p a r e n t l y  comp le te .  
SOURCES OF DATA: ,X- SUBJECT; J- PAKENTS ; 
POLICE; 2 HOSPITAL; - WITNESSES; 
X OTHER: b r o t h e r  ( 8  y r )  - 
OTHER COMMENTS : 
CALCULATED DATA: 
IMPACT VELOCITY: 29 f t / s e c  ( 8 . 8  m l s e c )  
OAIS: 1 
ISS:  1 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 90 
SUBJECT : Male,  19 y r s  1 mo, 5 f t  10 i n  ( 1 . 7 8  m ) ,  160 l b s  (72 .6  k g )  
FALL DISTANCE: 14 f t  2 i n  ( 4 . 3  m) 
ENVIRONMENT: B roken  sky1  i g h t  t h r o u g h  f a l s e  c e i  1 i n g  t o  c o n c r e t e  f l o o r  
MAJOR INJURIES: Severe concuss ion ,  f r a c t u r e  o f  T-7 v e r t e b r a  w i t h  p a r a p l e g i a  
SUMMARY: S u b j e c t  and h i s  g i r l f r i e n d  ( s e e  Case 9 1 )  s a t  on l a r g e  s k y l i g h t  dome on a r o o f .  
The dome b r o k e  and t h e  two  persons  f e l l  b a c k - f i r s t  t h r o u g h  a t h i n  f a l s e  c e i l i n g  and l a n d e d  
on a t i l e d  c o n c r e t e  f l o o r .  T h i s  s u b j e c t ' s  i n j u r i e s  i n c l u d e d  s e v e r e  concuss ion ,  a f r a c t u r e  
o f  T-7 w i t h  c o r d  t r a n s s e c t i o n  and subsequent  parap leg ia ,and  l a c e r a t i o n s .  He was e x p e c t e d  
t o  be  permanent l y  p a r a p l e g i c  and was s t i  11 h o s p i t a l i z e d  f o r  t h e r a p y .  
FALL CHRONOLOGY: S u b j e c t  was p resumab ly  s i t t i n g  on s k y l i g h t ,  w i t h  h i s  g i r l f r i e n d  b e s i d e  h im.  
When t h e  s k y l i g h t  b r o k e ,  t h e y  b o t h  t i p p e d  backward i n t o  t h e  o p e n i n g .  He f e l l  t h r o u g h  a 
l i g h t l y - s u p p o r t e d  f a l s e  c e i l i n g  and l a n d e d  on  h i s  head and back on a t i l e d  c o n c r e t e  
f l o o r .  The two s u b j e c t s  l a n d e d  s i d e - b y - s i d e .  
SPECIFIC INJURIES: Severe c o n c u s s i o n  and c e r e b r a l  edema, s u b j e c t  semi-comatose f o r  n e a r l y  
t h r e e  weeks [HUKB-51; f r a c t u r e  o f  T-7, w i t h  c o r d  t r a n s s e c t i o n  [BSFV-51; l a c e r a t i o n s  o f  
back o f  head and r i g h t  e lbow [HPLI-1, ERLI-11. 
RECOVERY: S u b j e c t  s t i l l  h o s p i t a l i z e d  i n  l o n g - t e r m  c a r e  f a c i l i t y  as o f  two months a f t e r  f a l l  
He w i  11 be p e r m a n e n t l y  p a r a p l e g i c .  
SOURCES OF DATA: - SUBJECT; PARENTS; 
X POLICE; - HOSPITAL ; WITNESSES; - 
X OTHER: F r i e n d  o f  s u b j e c t s  90 & 91 - 
OTHER COMMENTS: F r i e n d  t h o u g h t  f a l l  m i g h t  hav 
o c c u r r e d  as s u b j e c t  t r i e d  t o  c a t c h  s u b j e c t  91 
as she f a i n t e d  f r o m  e p i l e p t i c  s e i z u r e .  Accor  
d i n g  t o  p a r e n t s ,  s u b j e c t  i s  q u i t e  depressed  
o v e r  l a c k  o f  a c t i v i t y  and p r o s p e c t s  o f  1 
p a r a p l e g i a .  
CALCULATED DATA: 
IMPACT VELOCITY: 29 f t l s e c  (8 .8  m/sec)  
M I S :  5 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 91 
SUBJECT : Female, 21 y r  2 mo, approx.  5  f t  5 i n  (1.65 m),approx 105 l b s  (47.6 kg) 
FALL DISTANCE: 14 f t  2 i n  ( 4 . 3  m) 
ENVIRONMENT: Broken s k y l i g h t  th rough f a l s e  c e i l i n g  t o  conc re te  f l o o r  
MAJOR INJURIES: Severe o c c i p i t a l  sku1 1  f r a c t u r e ,  severe  b r a i n  trauma; f a t a l  
SUMMARY : Sub jec t  and h e r  b o y f r i e n d  (see case 90) s a t  on l a r g e  s k y l i g h t  dome on r o o f .  
The dome broke and t h e  two persons f e l l  b a c k - f i r s t  th rough a  t h i n  f a l s e  c e i l i n g  t o  a  t i l e d  
concre te  f l o o r .  Sub jec t  was knocked unconscious immedia te ly  and remained i n  a  coma u n t i l  
h e r  death f o u r  days l a t e r .  I n j u r i e s  i n c l u d e d  a t  l e a s t  a  severe  s k u l l  f r a c t u r e  and 
concussion and l a c e r a t i o n s .  
FALL CHRONOLOGY: Sub jec t  was presumably s i t t i n g  on t h e  s k y l i g h t  w i t h  h e r  boy f r i end  bes ide 
he r .  When the  s k y l i g h t  b roke,  they  bo th  f e l l  th rough t h e  opening, b a c k - f i r s t .  She probab ly  
f e l l  s l i g h t l y  a f t e r  he d i d .  They passed through a  l i g h t l y - s u p p o r t e d  f a l s e  c e i l i n g .  The 
s u b j e c t  p robab l y  landed on t h e  back o f  h e r  head, then f e l l  on to  h e r  back immedia te ly  bes ide 
he r  b o y f r i e n d .  One w i tness  thought  she came t o  r e s t  somewhat on top  o f  him; another  
w i t ness  disagreed. 
SPECIFIC INJURIES: Severe f r a c t u r e  o f  o c c i p i t a l  s k u l l  ( i t  was desc r i bed  as " s o f t " ) ,  w i t h  
severe concussion: Sub jec t  was i n  coma f o r  f o u r  days [HPKB-51; l a c e r a t i o n  o c c i p i t a l  r e g i o n  
[HPLI-11. 
RECOVERY:  Sub jec t  d i d  n o t  recove r .  She remained i n  a  coma t i l l  h e r  death f o u r  days pos t -  
i m ~ a c t  . 
SOURCES OF DATA: - SUBJECT; - PAKENTS; f I 
X POLICE; - HOSPITAL; WITNESSES ; - I 0 n I 
X OTHER: F r i e n d  o f  s u b j e c t s  91 and 90 - ... 
OTHER COMMENTS : Medical  records  n o t  ava i  l a b 1  
so o t h e r  p o s s i b l e  i n j u r i e s  unknown. Accord in  
t o  f r i e n d ,  s u b j e c t  m igh t  have been f a i n t i n g  
f rom e p i l e p t i c  s e i z u r e  and f a l l  may have 
occu r red  as boy f r i e n d  t r i e d  t o  ca t ch  he r .  I 1 11 
CALCULATED DATA: 
IMPACT VELOCITY: 29 f t l s e c  ( 8 . 8  mlsec) 
O A I S :  5  
ISS: 
2  6 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 92 
SUBJECT: Male, 11 y r s , 4  f t  8 i n  (1.42 m), 6 5  I b s  (29.5 kg) 
FALL DISTANCE: 12 ft 4 i n  (3.8 m) 
ENVIRONMENT: Haymow t o  conc re te  f 1  O O r  
MAJOR INJURIES: Concussion, i n t r a c e r e b r a l  hematoma, con tus ion  o f  l e f t  temporal  a rea.  
SUMMARY: Sub jec t  was h e l p i n g  a t  u n c l e ' s  farm by dropp ing ba les  o f  s t raw  through a  haymow 
t rapdoo r  t o  t h e  d a i r y  area below. H i s  g l o v e  caught i n  a  b a l e ' s  tw ine  and p u l l e d  h im  o f f  
ba lance through the  opening 12 f t  t o  t h e  conc re te  f l o o r .  He was h o s p i t a l i z e d  2 5  days f o r  
a  severe ce reb ra l  concussion /contusion. Recovery i s  v i r t u a l l y  complete,  a1 though s u b j e c t  
does s t i l l  exper ience some c o o r d i n a t i o n  and g a i t  problems. 
FALL CHRONOLOGY: Sub jec t  was s tand ing  on s t raw  ba les .  As he dropped a  b a l e  th rough t h e  
haymow opening, h i s  g love  caught  i n  t h e  b i n d e r  tw ine  and p u l l e d  h im a f t e r  t he  b a l e .  He 
f e l l  h e a d - f i r s t  th rough t h e  opening and landed h e a d - f i r s t  on t he  conc re te  f l o o r  i n  t he  
d a i r y  s e c t i o n .  He p o s s i b l y  contac ted t h e  b a l e  w i t h  a  p o r t i o n  o f  h i s  body. 
SPECIFIC INJURIES: Cerebra l  concussion and con tus ion ,  w i t h  deep l e f t  i n t r a c e r e b r a l  herna- 
toma b u t  no s k u l l  f r a c t u r e  [HLKB-41; l a r g e  ( 2  x  4 i n  - 5 x 10 cm) con tus ion  o f  l e f t  
temporal a rea [HLCI-21; ab ras ion  o f  l e f t  elbow (ELA I - I ] .  
RECOVERY: Almost complete.  Sub jec t  s t i  11 had some c o o r d i n a t i o n  and g a i t  problems t e n  weeks 
a f t e r  f a l l .  
SOURCES OF DATA : 2 SUBJECT ; PAKENTS ; 
- POLICE; J HOSPITAL; - WITNESSES; 
X OTHER: Aunt - 
OTHER COMMENTS: Sub jec t  i s  r a p i d l y  making 
up missed schoolwork and i s  a r t i c u l a t e .  
CALCULATED DATA: 
IMPACT VELOCITY : 28 f t /Sec  (8 .5  m/Sec) 
OAIS: 4 
ISS: 20 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 93 
SUBJECT: M a l e ,  30 y r s ,  h e i g h t  and  w e i g h t  unknown 
FALL DISTANCE: A P P ~ O X  1 2  ft ( 4  m) 
ENVIRONMENT : Roof  t r u s s  t o  c o n c r e t e  f l o o r  
MAJOR INJURIES: Unknown 
SUMMARY: S i n c e  t h e  s u b j e c t  c o u l d  n o t  b e  c o n t a c t e d ,  t h e  d e t a i l s  of  t h i s  case a r e  unknown. 
The s u b j e c t  was a p p a r e n t l y  s t a n d i n g  on  t h e  t o p  o f  a  s i d e  w a l l  o f  a  b u i l d i n g  under  c o n s t r u c t i o n ,  
h e l p i n g  t o  s e t  a  r o o f  t r u s s  i n  p l a c e .  He "m issed  h i s  f o o t i n g "  and f e l l  t o  t h e  c o n c r e t e  f l o o r  
b e l o w .  He was a d m i t t e d  t o  t h e  h o s p i t a l  f o r  o b s e r v a t i o n .  Degree o f  r e c o v e r y  i s  unknown. 
FALL CHRONOLOGY: S u b j e c t  was p r o b a b l y  s t a n d i n g  on  w a l l  and f e l l  f e e t - f i r s t  t o  t h e  c o n c r e t e ,  
I t  1s unknown w h e t h e r  h i s  f a l l  was a  f r e e - f a l l  o r  was p a r t i a l l y  b r o k e n .  
SPECIFIC INJURIES: Unknown. Ambulance s e r v i c e  had no  r e c o r d  o f  i n j u r i e s  and  t h e  s u b j e c t  
was n o t e d  as b e i n g  i n  t h e  h o s p i t a l  f o r  " o b s e r v a t i o n " .  
RECOVERY : Unknown. 
SOURCES OF DATA: - SUBJECT; - PARENTS; 
- POLICE; - HOSPITAL; - WITNESSES; 
X OTHER: ambulance s e r v i c e ,  n e a r b y  s i m i l a r  - 
b u i  1  d i n g  under  c o n s t r u c t i o n .  
OTHER COMMENTS: The s u b j e c t  was t r a n s i e n t  
w i t h  t h e  c o n s t r u c t i o n  company and n e i t h e r  
c o u l d  be  l o c a t e d .  C o n s t r u c t i o n  had been 
c o m p l e t e d  one week b e f o r e  o n - s i  t e  i n v e s t i -  
g a t i o n .  
UNKNOWN 
CALCULATED DATA: 
IMPACT VELOCITY: 28 f t l s e c  ( 8 .5  m l s e c )  
0 A I S :  Unknown 
ISS:  Unknown 
L 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 94 
SUBJECT: Male, 56 y r  4 mo, 5  f t  9 i n  ( 1 . 7 5  m), 155 l b s  ( 7 0 . 3  k g )  
FALLDISTANCE: 1 0 f t 9 i n  ( 3 . 3 m )  
ENVIRONMENT: S e c o n d - f l o o r  w i n d o w s i l l  t o  g r a v e l  and a s p h a l t  
MAJOR INJURIES: F r a c t u r e d  r i b s ,  l a c e r a t i o n s  on arms, s c a l p ,  and a round  eye  
SUMMARY: S u b j e c t  c l a i m s  t o  have been t h r o w n  t h r o u g h  t h e  window o f  h i s  1 i v i n g  room d u r i n g  an 
argument  ( a l l  i n v o l v e d  had been d r i n k i n g ) .  He f e l l  n e a r l y  11 f t ,  l a n d i n g  on  a  g r a v e l  and 
a s p h a l t  s u r f a c e .  The s u b j e c t  was knocked unconsc ious  and r e c e i v e d  l a c e r a t i o n s  b e s i d e  t h e  
r i g h t  eye,  on b o t h  arms,  and on t h e  s c a l p ,  and f r a c t u r e s  o f  t h r e e  r i b s  on t h e  l e f t  s i d e .  He 
was h o s p i t a l i z e d  two days .  He i s  c o m o l e t e l y  r e c o v e r e d .  
FALL CHRONOLOGY: A c c o r d i n g  t o  t h e  s u b j e c t ,  he was t h r o w n  h e a d - f i r s t  t h r o u g h  t h e  window o f  
h i s  second f l o o r  a p a r t m e n t  b y  two companions.  The s u b j e c t  was p r o p e l l e d  o u t  o f  t h e  window w i t h  
some f o r c e ,  b r e a k i n g  two  panes o f  g l a s s  and a  s c r e e n  as he went  t h r o u g h .  He came t o  r e s t  a t  
a  90" a n g l e  t o  t h e  d i r e c t i o n  o f  f a l l ,  seven f e e t  f r o m  t h e  b u i l d i n g .  The i m p a c t  sequence i s  
unknown, b u t  t h e  s u b j e c t  p r o b a b l y  l a n d e d  on  h i s  r i g h t  s i d e  on pea g r a v e l  o v e r  a s p h a l t  i n  t h e  
paved a l l e y  way be low h i s  window. He was u n c o n s c i o u s  f o r  UD t o  one h o u r  b e f o r e  b e i n g  d i s c o v e r e d  
SPECIFIC INJURIES: S u b j e c t  d e c l i n e d  t o  s i g n  m e d i c a l  r e l e a s e  and t h e r e  i s  some q u e s t i o n  as t o  
t h e  a c c u r a c y  o f  h i s  r e c o l l e c t i o n s .  He i n d i c a t e d  h i s  i n j u r i e s  as g l a s s  l a c e r a t i o n s  o f  b o t h  
fo rearms,  t h e  u p p e r  r i g h t  s c a l p ,  and b e s i d e  t h e  r i g h t  eye [RBLI-2, FRLI-11 c o n c u s s i o n  [HUKB-31; 
and t h r e e  f r a c t u r e d  r i b s  on t h e  l e f t  s i d e  [CLFS-31. 
RECOVERY: Appears c o m p l e t e l y  r e c o v e r e d .  Has 6-8 i n  (15-20cm) s c a r s  on  b o t h  f o r e a r m s  
SOURCES OF DATA: J- SUBJECT; - PARENTS; 
X POLICE; - HOSPITAL; - WITNESSES; - 
X OTHER: Ne ighbor  who f o u n d  h i m  - 
OTHER COMMENTS: S u b j e c t  was i n t o x i c a t e d  
a t  t i m e  o f  f a l l ,  and w e a t h e r  was c o l d  and 
d r y .  
CALCULATED DATA: 
IMPACT VELOCITY: 26 f t / s e c  ( 7 . 9  m/sec)  
OAIS: 4 
ISS:  22 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 9 5  
SUBJECT: Ma le ,  37 y r s  10 mo, 5 f t  8 i n  ( 1 . 7 3  m),  155 l b s  ( 7 0 . 3  k g )  
FALL DISTANCE: 7  f t  2  i n  ( 2 . 2  m) t h e n  11 f t  10 i n  ( 3 . 6  m) 
ENVIRONMENT: Ladder  t o  m e t a l  r o o f  t o  c o n c r e t e  s i d e w a l k  
MAJOR INJURIES: S k u l l  f r a c t u r e  o f  f r o n t a l  a r e a ,  f r a c t u r e  l e f t  femur  and  f i b u l a  and r i g h t  t i b i a ,  
f r a c t u r e  r i g h t  w r i s t .  
SUMMARY: C o n t r a c t o r  was i n s t a l l i n g  windows a t  t h e  t h i r d  f l o o r  l e v e l  o f  a  house when he  s t e p p e d  t o o  
h i g h  on  a  l a d d e r .  The b o t t o m  o f  t h e  l a d d e r  s l i p p e d  o u t  c a u s i n g  t h e  s u b j e c t  t o  f a l l  7 f t  t o  p o r c h  
r o o f  t h e n  f r e e  f a l l  12 f t  f r o m  p o r c h  t o  s i d e w a l k  b e l o w .  S u b j e c t ' s  i n j u r i e s  i n c l u d e  f r a c t u r e s  o f  t h e  
s k u l l ,  m i d s h a f t  o f  l e f t  femur ,  l e f t  f i b u l a r  neck ,  and r i g h t  p r o x i m a l  t i b i a ,  a  s h a t t e r e d  r i g h t  d i s t a l  
r a d i u s ,  and a b r a s i o n s  o f  t h e  f o r e h e a d  and l e f t  knee.  He was h o s p i t a l i z e d  48 days .  S u b j e c t  s t i l l  
w a l k s  w i t h  c r u t c h e s  and has  some s w e l l i n g  and a  l i m i t e d  range  o f  m o t i o n  i n  h i s  w r i s t .  
FALL CHRONOLOGY: S u b j e c t  was w o r k i n g  on a  l a d d e r  a t  t h i r d  f l o o r  l e v e l  o f  a  house when t h e  l a d d e r  s l i p p e d  
sudden ly ,  t h r o w i n g  h i m  o f f .  He f i r s t  f e l l  t o  a  m e t a l  p o r c h  r o o f ,  l a n d i n g  on h i s  f e e t ,  b u t  o f f  b a l a n c e .  
tie c o n t i n u e d  o f f  t h e  f r o n t  o f  t h e  r o o f  t o  t h e  smooth c o n c r e t e  s i d e w a l k  be low.  S u b j e c t  p r o b a b l y  l a n d e d  
f a c e  down, s t r i k i n g  f i r s t  w i t h  h i s  l e f t  knee and r i g h t  hand.  The knee p r o b a b l y  r o l l e d  h i m  t o  t h e  r i g h t  
d r i v i n g  t h e  r i g h t  s i d e  o f  h i s  f o r e h e a d  o n t o  t h e  s i d e w a l k .  He came t o  r e s t  on h i s  l e f t  s i d e .  
SPECIFIC INJURIES: S k u l l  f r a c t u r e  i n v o l v i n g  r i g h t  f r o n t a l  bone e x t e n d i n g  l o n g i t u d i n a l l y  downward and 
p o s s i b l y  i n v o l v i n g  t h e  r i g h t  f r o n t a l  s i n u s  [FSFS-21; f r a c t u r e  o f  m i d s h a f t  o f  l e f t  femur  [TLFS-31; 
n o n d i s p l a c e d  f r a c t u r e  o f  p r o x i m a l  end o f  l e f t  f i b u l a  [LLFS-21 ; comminuted f r a c t u r e  o f  d i s t a l  end o f  
r a d i u s  o f  r i g h t  w r i s t  [WRFJ-31; n o n d i s p l a c e d  h a i r l i n e  f r a c t u r e  o f  p r o x i m a l  r i g h t  t i b i a  [LRFS-21; 
a b r a s i o n s  o f  l e f t  knee [KLAI-11.  
RECOVERY: Walks w i t h  c r u t c h e s ,  s t i l l  has  s w e l l i n g  and l i m i t e d  range  o f  m o t i o n  o f  r i g h t  w r i s t  
( a s  o f  f o u r  months a f t e r  f a l l ) .  I s  i n  p h y s i c a l  t h e r a p y .  
SOURCES OF DATA: SUBJECT; - PARENTS; 
- POLICE; HOSPITAL; _2(_ WITNESSES; 
X OTHER: w i f e  - 
OTHER COMMENTS: S u b j e c t  was dazed 
n ~ o m e n t a r i l y ,  b u t  d i d  n o t  l o s e  c o n s c i o u s -  
ness .  He t r i e d  t o  s t a n d  i m m e d i a t e l y ,  b u t  
c o u l d  n o t .  
CALCULATED DATA: 
IMPACT VELOCITY: 20 f t / s e c  ( 6 . 1  m/sec) ,  
OAIS: 3  t h e n  27 f t / s e c  ( 8 . 2  m/sec)  
I S S :  14 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 96 
SUBJECT: Female, 5 y r s .  1  mo., 43 i n .  ( 1 . 0 9  m), 37 l b s .  ( 1 6 . 8  k g )  
FALL DISTANCE: 1 7  f t . 7 i n .  ( 5 . 4  m) 
ENVIRONMENT: Window and p o r c h  r o o f  t o  a s p h a l t  s t r e e t  
MAJOR INJURIES: Sku1 1  f r a c t u r e ,  c e r e b r a l  c o n t u s i o n ,  s u b g a l e a l  hematomas 
SUMMARY: C h i l d  a p p a r e n t l y  l e a n e d  a g a i n s t  window s c r e e n  and pushed i t  o u t .  She t h e n  t u m b l e d  
a b o u t  one f t. ( . 3  m) t o  p o r c h  r o o f ,  r o l l e d  o f f  r o o f ,  and f e l l  an  a d d i t i o n a l  1 8  f t .  t o  t h e  
a s p h a l t  s t r e e t .  I n j u r i e s  i n c l u d e d  a  l i n e a r  s k u l l  f r a c t u r e  i n  t h e  l e f t  p a r i e t a l  a r e a ,  a  c e r e -  
b r a l  c o n t u s i o n ,  hematomas i n  t h e  p a r i e t a l  and o c c i p i t a l  a r e a s ,  and  numerous b r u i s e s ,  e s p e c i a l l y  
t o  d o r s a l  s u r f a c e s  o f  hands and f e e t .  The s u b j e c t  was h o s p i t a l i z e d  f o r  12 days and has com- 
p l e t e l y  r e c o v e r e d  f r o m  f a l l  i n j u r i e s .  
FALL CHRONOLOGY: C h i l d  f e l l  f r o m  s c r e e n e d  t h i r d - f l o o r  window o n t o  a  p o r c h  r o o f  i m m e d i a t e l y  
be low t h e  window, t h e n  r o l l e d  down t h e  r o o f  and o f f  t h e  edge, f r e e - f a l l  i n q  t o  t h e  a s p h a l t  
s t r e e t  be low.  M o t h e r  t h i n k s  t h a t  t h e  s u b j e c t  was o l a y i n a  w i t h  a  t o y  b e s i d e  t h e  w i n d o w s i l l  
and l o s t  h e r  b a l a n c e .  The c h i l d  p r o b a b l y  f e l l  f o r w a r d  o u t  t h e  window, r o l l e d  
down t h e  r o o f ,  and r o l l e d  s ideways  o f f  t h e  r o o f .  C h i l d  p r o b a b l y  l a n d e d  on  t h e  l e f t  r e a r  o a r t  
o f  h e r  head. To s were f o u n d  on  t h e  r o o f  and  s t r e e t .  
SPECIFIC INJURIA: L i n e a r  u n d i s p l a c e d  s k u l l  f r a c t u r e  o f  l e f t  p a r i e t a l  bone f r o m  p o s t e r i o r  
a s p e c t  t o  c o r o n a l  s u t u r e ,  w i t h  c e r e b r a l  c o n t u s i o n  [HLKB-41; m u l t i p l e  u n d i s p l a c e d  f r a c t u r e s  
i n  i n f e r i o r  o c c i p i t a l  a r e a  [HBOI-11; m u l t i p l e  c o n t u s i o n s  o f  d o r s i  o f  b o t h  hands and b o t h  
f e e t  and u p p e r  back [WBCI-1, QBCI-1,  BSCI-11. 
RECOVERY : M o t h e r  i n d i c a t e s  f u l l  r e c o v e r y  f r o m  f a 1  1  - r e l a t e d  i n j u r i e s .  
SOURCES OF DATA: 1 SUBJECT; _x_ PARENTS; 
- POLICE; 1 HOSPITAL; - WITNESSES; 
X OTHER: G r a n d f a t h e r  - 
OTHER COMMENTS: S u b j e c t  i s  a  d e v e l o p m e n t a l  
r e t a r d e d  c h i l d .  
CALCULATED DATA: 
IMPACT VELOCITY: 33 f t . / s e c .  (10 .1  m./sec.  
O A I S :  4  
ISS:  17 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 97 
SUBJECT: Ma le ,  6 4  y r s  4 rno, 5  f t  2  i n  ( 1 . 5 7  rn), 142 l b s  ( 6 4 . 4  k g )  
FALLDISTANCE: 9  f t 9  i n  ( 2 . 7 m )  
ENVIRONMENT: F l a t  r o o f  t o  f l a t  r o o f  
MAJOR INJURIES: F r a c t u r e d  l e f t  ace tabu lum,  d i s l o c a t e d  f i n g e r  
SUMMARY: S u b j e c t  was h e l p i n g  c a r r y  a  4  x 8 f t  (1 .2  x 2.4 m) s h e e t  o f  p l ywood f r o m  f i r s t  
t o  t h i r d  f l o o r s  o f  f i r e h o u s e .  I n  o r d e r  t o  t u r n  c o r n e r  i n  s t a i r w e l l  a t  second f l o o r ,  s u b j e c t  
had t o  s t e p  t h r o u g h  open window o n t o  f l a t  r o o f  and  h o l d  p l y w o o d  w h i l e  h i s  p a r t n e r  t u r n e d  t h e  
c o r n e r .  The w i n d  was b l o w i n g  s t r o n g l y  and i t  c a u g h t  t h e  p lywood l i k e  a  s a i l ,  p u s h i n g  t h e  
s u b j e c t  o f f  t h e  r o o f .  He f e l l  n i n e  f e e t  l a n d i n g  on  a  t a r p a p e r e d  f l a t  r o o f  above t h e  f i r s t  
f l o o r .  H i s  i n j u r i e s  i n c l u d e d  a  f r a c t u r e d  l e f t  h i p ,  a  d i s l o c a t e d  f i n g e r  i n  h i s  l e f t  hand,  
and l a c e r a t i o n s .  He was h o s p i t a l i z e d  7 8  days and had r e c o v e r e d  enough t o  ambu la te  w i t h  
c r u t c h e s .  
FALL CHRONOLOGY: When w i n d  b l e w  t h e  s h e e t  o f  p l ywood,  t h e  s u b j e c t  was shoved o f f - b a l a n c e  
l a t e r a l l y  o f f  t h e  end o f  t h e  r o o f .  He l a n d e d  on  h i s  l e f t  s i d e ,  p r o b a b l y  w i t h  h i s  l e f t  arm 
ex tended ,  en  a n o t h e r  f l a t  r o o f .  He a l s o  p r o b a b l y  s t r u c k  h i s  f o r e h e a d  on  t h e  r o o f ,  b r e a k i n g  
h i s  g l a s s e s  f rames .  
SPECIFIC INJURIES: F r a c t u r e  o f  m e d i a l  a s p e c t  o f  l e f t  a c e t a b u l  um, w i t h  i n w a r d  d i s p l a c e m e n t  
[PLFS-31; d i s l o c a t i o n  o f  l e f t  m i d d l e  f i n g e r  [WLDJ-11; l a c e r a t i o n  above l e f t  eyebrow [FSLI -11 ;  
c o n t u s i o n  o f  l e f t  h i p  i n  t r o c h a n t e r  a r e a  [PLCI-11;  a b r a s i o n  l e f t  l a t e r a l  a n k l e  [QLAI -11 .  
RECOVERY: S u b j e c t  e x p e c t e d  t o  be i n  t r a c t i o n  f o r  n i n e  weeks t o t a l ,  t h e n  t o  undergo  p r o l o n g e d  
t h e r a p y .  He was n o t  t o o  o p t i m i s t i c  a b o u t  b e i n g  a b l e  t o  w a l k  n o r m a l l y  a g a i n .  He was non-  
w e i g h t - b e a r i n g  on  c r u t c h e s  a t  d i s c h a r g e .  
SOURCES OF DATA: - SUBJECT; - PARENTS; 
POLICE; - X HOSPITAL; - WITNESSES; 
X OTHER: F i r e  d e p a r t m e n t ,  s u b j e c t ' s  w i f e  - 
OTHER COMMENTS: S u b j e c t  was s t i l l  i n  h o s p i t a l  
a t  t i m e  o f  i n v e s t i g a t i o n  and was n o t  
a v a i l a b l e  f o r  i n t e r v i e w .  H i s  w i f e  was a b l e  
t o  p r o v i d e  d e t a i l s .  
CALCULATED DATA: 
IMPACT VELOCITY: 22 f t l s e c  ( 6 . 7  m l s e c )  
OAIS: 3 
ISS:  10 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 98 
SUBJECT: Male, 9 y r s  11 mo,4 f t  0  i n  (1 .22 m), 60 I b s  ( 2 7 . 2  kg)  
FALL DISTANCE: 10 f t  0  i n  (3 .1  m) 
ENVIRONMENT: F i r e  escape t o  sandy ground 
MAJOR INJURIES: Min imal  compression f r a c t u r e  T-6 and T-7 a n t e r i o r  bod ies  
SUMMARY: Student  f e l l  p a r t  way down a  second f l o o r  f i r e  escape, s l i p p e d  o f f  t h e  s t e e l  
l a n d i n g  and f e l l  10 f t  t o  t h e  sandy ground. He g o t  up and went i n t o  t h e  b u i l d i n g .  Then 
he f a i n t e d  and was taken  t o  t h e  h o s p i t a l  where he remained t h r e e  days. X-rays d i s c l o s e d  
a  min imal  compression f r a c t u r e  o f  T - 6  and T-7 v e r t e b r a l  bod ies .  Sub jec t  had no o t h e r  
i n j u r i e s  and has a p p a r e n t l y  recovered comp le te l y .  
FALL CHRONOLOGY: Student  t r i p p e d  and f e l l  from h a l f  way up t h e  second f l i g h t  o f  f i r e  
escape s t a i r s  t o  t h e  second f l o o r  p l a t f o r m .  He r o l l e d  o f f  f i r e  escape l a n d i n g  t o  t h e  
sandy ground below, i m p a c t i n g  on h i s  b u t t o c k s .  
SPECIFIC INJURIES: Min imal  compression f r a c t u r e s  o f  a n t e r i o r  bo rde rs  o f  T-6 and T-7 v e r t e b r a l  
bod ies  [BSFV-21; m ino r  head i n j u r y  w i t h  f a i n t i n g  [HUKB-11. 
RECOVERY: Appa ren t l y  complete.  S u b j e c t  r e fuses  t o  wear p r e s c r i b e d  back b race  
SOURCES OF DATA: - X SUBJECT; 2 PARENTS; 
- POLICE; X HOSPITAL; - WITNESSES; 
X OTHER: c lassmate  - 
OTHER COMMENTS : 
CALCULATED DATA: 
IMPACT VELOCITY: 23 f t / s e c  (7.0 m/sec) 
OAIS: 2 
ISS: 5 
F R E E - F A L L  STUDY CASE REPORT 
CASE NUMBER: 99 
SUBJECT : Male,  2 0  y r s ,  h e i g h t  and w e i g h t  unknown 
F A L L  D I S T A N C E :  2 5  f t  0 i n  ( 7 . 6  m) 
ENVIRONMENT: B r i d g e  t o  c o n c r e t e  highway 
MAJOR I N J U R I E S :  F r a c t u r e d  r i g h t  ank le ,  ch ipped  bone i n  jaw 
SUMMARY: Worker was s t a n d i n g  on a  s m a l l  wood walk  a t  a  c o n s t r u c t i o n  s i t e  f o r  a  highway 
overpass. He was u s i n g  a  c law hamner t r y i n g  t o  c l e a r  away conc re te  when he l o s t  h i s  
ba lance and f e l l  t o  t h e  c e n t e r  o f  t h e  c o n c r e t e  i n t e r s t a t e  highway below. He was 
h o s p i t a l i z e d  f o r  a  f r a c t u r e d  r i g h t  a n k l e  and jaw. 
F A L L  CHRONOLOGY: Worker was s t a n d i n g  on p lank  walkway a t t ached  t o  s t e e l  g i r d e r s  o f  b r i d g e  
overpass. He l o s t  h i s  ba lance  and f e l l  f e e t - f i r s t  o n t o  conc re te .  He p robab l y  r o l l e d  
o n t o  s i d e  o r  f e l l  t o  prone p o s i t i o n , i m p a c t i n g  jaw. 
S P E C I F I C  I N J U R I E S :  F r a c t u r e d  r i g h t  ank le  [ Q R F J - 2 1 ;  ch ipped mandib le  [ F I F S - 2 1 .  
RECOVERY : Undetermined 
SOURCES OF DATA:  - SUBJECT; - PARENTS; 
X P O L I C E ;  - H O S P I T A L ;  - WITNESSES; - 
X OTHER: Ne ighbor  -- 
OTHER COMMENTS: There may have been 
a d d i t i o n a l  i n j u r i e s .  No h o s p i t a l  r e p o r t  
was a v a i l a b l e  and s u b j e c t  was n o t  l o c a t e d ,  
CALCULATED DATA:  
IMPACT VELOCITY : 4 0  f t / s e c  ( 1 2 . 2  mlsec)  
O A I S :  2 
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FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 100 
SUBJECT: Ma le ,  39 y r s  8 mo, 6 f t  3 i n  ( 1 . 9  m), 170 l b s  (77 .1  k g )  
FALLDISTANCE: 5 f t 9  i n  ( 1 . 8 m )  
ENVIRONMENT: F e l l  t o  c o n c r e t e  
MAJOR INJURIES: Concuss ion ,  f r a c t u r e  i n  r i g h t  p a r i e t a l  bone,  i n f l a m m a t i o n  o f  r i g h t  e a r .  
SUMMARY: S u b j e c t  s l i p p e d  on w e t  soapy p o r c h  o f  h i s  r e s i d e n c e .  He f e l t  OK a f t e r  f a 1  1  b u t  
b y  n e x t  m o r n i n g  had  s e v e r e  headaches and  c o n v u l s i o n s ,  w i t h  c o n t i n u e d  b l e e d i n g  f r o m  e a r .  
S u b j e c t  was t h e n  h o s p i t a l i z e d  and was t r e a t e d  f o r  a l i n e a r  f r a c t u r e  o f  t h e  r i g h t  p a r i e t a l  
bone, c o n c u s s i o n ,  and  e a r  i n f l a m m a t i o n s .  He was d i s c h a r g e d  n i n e  days l a t e r  i n  s t a b l e ,  
i m p r o v e d  c o n d i t i o n .  
FALL CHRONOLOGY: S u b j e c t  w a l k e d  o n t o  w e t  soapy f r o n t  p o r c h .  As h e  g o t  t o  a  p o i n t  n e a r  h i s  
f r o n t  door ,  h i s  f e e t  s l i p p e d  o u t  f r o m  u n d e r  h i m  and he f e l l ,  r o t a t i n g  q u i c k l y .  He s t r u c k  h i s  
r i g h t  s i d e  and r i g h t  s i d e  o f  head on c o n c r e t e ,  p o s s i b l y  on edge o f  p o r c h .  
SPECIFIC INJURIES: Non-depressed  l i n e a r  o b l i q u e  f r a c t u r e  o f  r i g h t  p a r i e t a l  bone,  w i t h  con-  
c u s s i o n  and b l e e d i n g  f r o m  r i g h t  ear[HRKB-21; a b r a s i o n s  r i g h t  u p p e r  arm and  r i g h t  s i d e  
[ARAI-1 , CRAI-11; i n f l a m m a t i o n  o f  e x t e r n a l  and m i d d l e  r i g h t  e a r  [HROE-11. 
RECOVERY: S t a b l e ,  b u t  f u l l  r e c o v e r y  u n c e r t a i n  a t  t i m e  o f  i n v e s t i g a t i o n .  
SOURCES OF DATA: - X SUBJECT; - PARENTS ; 
- POLICE; - X HOSPITAL; - WITNESSES; 
X OTHER: w i f e  - 
OTHER COMMENTS: S u b j e c t  r e f u s e d  t o  go t o  
h o s p i t a l  u n t i l  m o r n i n g  a f t e r  t h e  f a l l .  
T h i s  was n o t  a t r u e  f r e e - f a l l ,  b u t  was 
i n v e s t i g a t e d  because s u b j e c t ' s  w i f e  
a s s i s t e d  i n  i n v e s t i g a t i o n  o f  Case 499 
i n  same c i t y .  
CALCULATED DATA: 
IMPACT VELOCITY: 18 f t / s e c  ( 5 . 5  m/sec)  
OAIS: 2 
I s s :  6 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 101 
SUBJECT: Ma le ,  4 y r s ,  3 f t  5 i n  (1 .04m) ,  29 l b s  ( 1 3 . 2  k g )  
FALL DISTANCE: 11 f t  2 i n  ( 3 . 4 0  m) 
ENVIRONMENT: Second s t o r y  window t o  c o n c r e t e  p a t i o  
MAJOR INJURIES: L e f t  p a r i e t a l  s k u l  1  f r a c t u r e ,  b a s i l  a r  s k u l  1  f r a c t u r e  - f a t a l  
SUMMARY: C h i l d  was a t  an  open s e c o n d - s t o r y  window, w a t c h i n g  c h i l d r e n  p l a y i n g  i n  c o u r t y a r d .  
He p r e s s e d  a g a i n s t  s c r e e n , p u s h i n g  s c r e e n  o u t ,  and  f e l l  1 1  f t . t o  t h e  c o n c r e t e  p a t i o  b e l o w .  
C h i l d  s u s t a i n e d  a  l e f t  p a r i e t a l  s k u l l  f r a c t u r e  and  a  b a s i l a r  s k u l l  f r a c t u r e .  He e x p i r e d  
a f t e r  2 days  h o s p i t a l i z a t i o n .  
FALL CHRONOLOGY: C h i l d  f e l l  f o r w a r d  t h r o u g h  open bedroom window, d i s l o d g i n g  s c r e e n .  C h i l d  
was  l e a n i n g  a g a i n s t  window s c r e e n .  It came l o o s e  and  t h e  c h i l d  f e l l  t h r o u g h  t h e  window 
o p e n i n g .  He p r o b a b l y  l a n d e d  on  t h e  t o p  o f  h i s  head. 
SPECIFIC INJURIES: L e f t  p a r i e t a l  s k u l l  f r a c t u r e  [HSFS-21; b a s i l a r  s k u l l  f r a c t u r e  [HIFS-41;  
c e r e b r a l  edema [HUKB-41. A u t o p s y  was p e r f o r m e d .  
RECOVERY: F a t a l  1 8  h r s  p o s t - i m p a c t  due t o  c e r e b r a l  edema. 
SOURCES OF DATA: SUBJECT; - PARENTS; - 
X POLICE; - HOSPITAL; - WITNESSES; 
X OTHER:  N e i g h b o r ,  p h y s i c i a n  -- 
OTHER COMMENTS: Case i n  l i t i g a t i o n  and  
m o t h e r  a w a i t i n g  r e s o l u t i o n  b e f o r e  a u t h o -  
r i ~ i n g  r e l e a s e  o f  a u t o p s y  r e p o r t .  
CALCULATED DATA: 
IMPACT VELOCITY: 26 f t / s e c  ( 7 . 9  m/sec)  
OAIS: 5 
ISS:  16 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 102  
SUBJECT : Ma le ,  3  y r  8 mo, 39 i n  ( 0 . 9 9  m) ,  39 l b s  ( 1 7 . 7  k g )  
FALL DISTANCE: 11 f t  6 i n  ( 3 . 5  m) 
ENVIRONMENT: Edge o f  p o r c h  r o o f  t o  wooden p o r c h  s t e p  
MAJOR INJURIES: C o n t u s i o n  o f  l e f t  k i d n e y ,  m i n o r  head  i n j u r y  
SUMMARY: C h i l d  was p l a y i n g  on  a  n e a r l y  f l a t  p o r c h  r o o f  o u t s i d e  second s t o r y  a p a r t m e n t .  He 
a p p a r e n t l y  s l i p p e d  o f f  t h e  edge o f  t h e  r o o f  and  f e l l  11 f t . ,  l a n d i n g  on  a  wooden p o r c h  
s t e p .  The s t e p  was l o o s e  and t u r n e d  o v e r ,  r o l l i n g  t h e  c h i l d  o n t o  t h e  pavement .  I n j u r i e s  
i n c l u d e  m i n o r  head i n j u r y ,  a  c o n t u s e d  k i d n e y ,  and m u l t i p l e  a b r a s i o n s  t o  t h e  l e f t  s i d e  
o f  t h e  f a c e ,  e lbow,  and t h i g h .  He was h o s p i t a l i z e d  f o r  2 days and  has  f u l l y  r e c o v e r e d .  
FALL CHRONOLOGY: The c h i l d  e i t h e r  s t e p p e d  o f f  t h e  edge o f  t h e  p o r c h  r o o f  o r  s l i p p e d  and  
r o l l e d  a  v e r y  s h o r t  d i s t a n c e  b e f o r e  r e a c h i n g  t h e  edge because  h e  f e l l  s t r a i g h t  down t o  t h e  
p o r c h  s t e p s  b e l o w .  He i m p a c t e d  t h e  second  p o r c h  s t e p  f r o m  t h e  b o t t o m ,  l a n d i n g  on  h i s  l e f t  
s i d e ,  n e a r l y  h o r i z o n t a l ,  a l i g n e d  w i t h  t h e  s t e p .  The s t e p  was l o o s e  and when i t  was i m p a c t e d  
i t  t i p p e d  o v e r  away f r o m  t h e  p o r c h ,  c a u s i n g  t h e  c h i l d  t o  r o l l  o n t o  t h e  cement s i d e w a l k .  
SPECIFIC INJURIES: M o m e n t a r i l y  dazed and d i s o r i e n t e d  [HLKB-11; c o n t u s i o n  o f  l e f t  k i d n e y  
[MLCK-31; c o n t u s i o n s  l e f t  l o w e r  l a t e r a l  c h e s t  w a l l  [CLCI-11;  a b r a s i o n s  t o  f o r e h e a d ,  l e f t  
cheek,  c h i n ,  l e f t  e lbow,  l e f t  t h i g h  [FLAI -1 ,  ELAI -1 ,  TLAI -11 .  
RECOVERY: Comple te .  Remnants o f  b r u i s e  on  u n d e r s i d e  o f  l e f t  e lbow as o f  4 weeks a f t e r  f a l l .  
SOURCES OF DATA: X SUBJECT; 2 PAKENTS ; 
POLICE; - X HOSPITAL; - WITNESSES; 
- OTHER : 
OTHER COMMENTS : 
CALCULATED DATA: 
IMPACT VELOCITY: 26 f t / s e c  ( 7 . 9  m l s e c )  
OAIS: 3  
I S S :  11 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 103 
SUBJECT: Male,  2 y r  4 mo, h t  unknown, 35 l b s  ( 1 5 . 9  kg )  
FALL DISTANCE: 21 f t  2 i n  ( 6 . 5  m) 
ENVIRONMENT: T h i r d  f l o o r  window t o  ha rd ,  g rass-covered s o i  1  
MAJOR INJURIES: No ma jo r  i n j u r i e s  
SUMMARY: C h i l d  had been p u t  i n  t o p  bunk o f  bunk bed f o r  a f t e r n o o n  nap. He a p p a r e n t l y  heard  
f r i e n d s  o u t s i d e ,  c raw led  t o  t h e  bo t tom o f  t h e  bed and pushed a g a i n s t  t h e  window screen t o  see 
b e t t e r .  The screen came loose  and t h e  c h i l d  f e l l  t h rough  the  open window 21 f e e t  t o  t h e  
lawn below. He was up and moving w i t h i n  a  few moments. I n j u r i e s  i n c l u d e d  ab ras ions  and con- 
t u s i o n s  o f  t h e  abdomen, t r u n k  and e x t r e m i t i e s ,  and soreness o f  t h e  neck. C h i l d  was h o s p i t a l i z e d  
f o r  4 days. Recovery i s  complete.  
FALL CHRONOLOGY: C h i l d  f e l l  f r om bedroom window a d j a c e n t  t o  bunk bed. The window was open w i t h  
t h e  screen i n  p l a c e .  The c h i l d  a p p a r e n t l y  leaned a g a i n s t  t h e  screen, which came loose .  The 
c h i l d  f e l l  p robab l y  head f i r s t  f r o m  an a l l - f o u r s  p o s i t i o n ,  l a n d i n g  on hard-packed d r y  s o i l .  
I n j u r i e s  suggest t h a t  he impacted n e a r l y  f l a t  on h i s  back o r  p o s s i b l y  somewhat t o  r i g h t  s i d e .  
SPECIFIC INJURIES: Pa in  i n  neck and abdomen [NWPM-1, MAPD-11; ab ras ions  o f  r i g h t  l a t e r a l  abdomen, 
r i g h t  t h i g h ,  l e f t  l ower  arm, and l o w e r  back (some o f  these c o u l d  have been caused by  t h e  window 
frame) [MRAI-1, B IA I -1 ,  TRAI-11. No l o s s  o f  consciousness. 
RECOVERY: Complete. C h i l d  was s t i f f  f o r  a  few days a f t e r  f a l l .  
SOURCES OF DATA: X SUBJECT; J- PARENTS; 
- POLICE; J- HOSPITAL; - WITNESSES; 
- OTHER : 
OTHER COMMENTS: C h i l d  was wear ing o n l y  a  
s h i r t  when he f e l l  , as he was supposed t o  
be napp ing.  Neighbor who d i scove red  him 
took t i m e  t o  dress  h im be fo re  go ing  t o  
h o s p i t a l  . 
CALCULATED DATA: 
IMPACT VELOCITY: 36 f t l s e c  (11.0  mfsec) 
OAIS: 1 
ISS: 3 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 104 
SUBJECT: Female, 12 y r s  6 mo, 4 f t  10 i n  (1.45 m), 80 I b s  (36.3  kg )  
FALL DISTANCE: 33 f t  10 i n  (10.3 m) 
ENVIRONMENT: Sky1 i g h t  dome t o  smooth c o n c r e t e  
MAJOR INJURIES: F r a c t u r e s  o f  l e f t  f o o t ,  l e f t  ank le ,  and b o t h  pub i c  rami ,  emphysema o f  
r i g h t  ches t .  
SUMMARY: Sub jec t  was jumping on a  domed p l e x i g l a s  s k y l i g h t  on t h e  r o o f  o f  a  sewage pumping 
s u b - s t a t i o n .  The s k y l i g h t  b roke  and she went th rough,  f a l l i n g  34 f t  t o  t h e  conc re te  f l o o r  o f  
t he  s t a t i o n .  I n j u r i e s  i n c l u d e d  f r a c t u r e s  of  t h e  1  e f t  second, t h i r d  and f o u r t h  m e t a t a r s a l s ,  
l e f t  t a l u s ,  and b o t h  pub i c  rami ;  subcutaneous emphysema o f  r i g h t  chest ,  and ab ras ions .  She 
was h o s p i t a l i z e d  19 days. Recovery i s  good, though n o t  y e t  comple te .  
FALL CHRONOLOGY: S u b j e c t  was a p p a r e n t l y  jumping on a domed p l e x i g l a s  s k y l i g h t  when t h e  dome 
broke caus ing h e r  t o  f a 1  1  f e e t  f i r s t  t o  t h e  smooth c o n c r e t e  f l o o r  o f  t h e  pumping s t a t i o n .  She 
landed f e e t - f i  r s t ,  immed ia te l y  below t h e  s k y l i g h t ,  and was found l y i n g  on h e r  back w i t h  h e r  
l e f t  l e g  t u r n e d  under h e r  r i g h t .  
SPECIFIC INJURIES: B i l a t e r a l  f r a c t u r e s  t h rough  i n f e r i o r  p u b i c  rami w i t h  min imal  s e p a r a t i o n  
and d isp lacement  [PAFS-31; f r a c t u r e s  o f  s h a f t s  o f  second and t h i r d  m e t a t a r s a l s  o f  l e f t  f o o t  
and f r a c t u r e s  a t  bases o f  t h i r d  and f o u r t h  m e t a t a r s a l s  o f  l e f t  f o o t ,  a l l  w i t h  min imal  
d isp lacement  [QLFS-3l ;nondisplaced f r a c t u r e  t h rough  neck o f  l e f t  t a l u s  [QLFJ-21; subcutaneous 
emphysema o f  r i g h t  a n t e r i o r  ches t  [CROI-11; ab ras ions  t o  fo rehead and 1  e f t  hand [FSAI-1 , 
WLAI-11. 
RECOVERY: F u l l  r ecove ry  was p robab le  (as  o f  5 weeks p o s t - f a l l ) .  O c c a s i o n a l l y  has "w ie rd "  
dreams about  f a l l  and pa ins  " a l l  t h rough"  h e r  t r unk .  S t i l l  cas ted  and on c r u t c h e s .  
SOURCES OF DATA: X SUBJECT; 2 PARENTS ; 
X POLICE; X HOSPITAL; - WITNESSES; - - 
X OTHER: Sewer department supe r i n tenden t  -
OTHER COMMENTS: As she f e l l ,  s u b j e c t  l e f t  
f i n g e r  marks on a  s i d e  w a l l  b u t  t h i s  c o n t a c t  
c o u l d  n o t  have slowed h e r  impact  v e l o c i t y .  
Sub jec t  was i n  e x c e l l e n t  p h y s i c a l  c o n d i t i o n  
a t  t i m e  o f  f a l l .  
CALCULATED DATA: 
IMPACT VELOCITY: 46 f t / s e c  (14.0  m/sec) 
MIS: 3  
ISS: 11 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 105 
SUBJECT: Male, 3  y r s  1  mo, 3  f t  1 i n  (0 .94 m), 36 l b s  (16.3  kg)  
FALL DISTANCE: 14 f t  2 i n  (4 .3  m) 
ENVIRONMENT: Window t o  c o n c r e t e  s i dewa lk  
MAJOR INJURIES: S k u l l  f r a c t u r e  r i g h t  o r b i t ,  c e r e b r a l  concuss ion and con tus ion  
SUMMARY: Whi le  p l a y i n g  i n  u p s t a i r s  bedroom c h i l d  pushed a  t o y  box t o  window, c l imbed on 
i t ,  and pushed on screen.  The screen f e l l  o u t  caus ing  c h i l d  t o  tumble about  14 ft. t o  
conc re te  s i dewa lk  below. C h i l d  was h o s p i t a l i z e d  f o r  one week w i t h  a  sku1 1  f r a c t u r e  o f  
r i g h t  o r b i t ,  c e r e b r a l  concuss ion and con tus ion .  He appears comp le te l y  recovered.  
FALL CHRONOLOGY: C h i l d  c l imbed on to  t o y  box which he had pushed under  bedroom window, 
and pushed a g a i n s t  c e n t e r  o f  screen which popped o u t ,  caus ing  h im t o  l o s e  ba lance.  He f e l l ,  
f a c i n g  ou t ,  t o  conc re te  s idewalk  below. Impact p o i n t  was 4 ' 4 "  (1 .3  m) f rom s i d e  o f  house. 
Impact o r i e n t a t i o n  " f l a t  on stomach", w i t h  head s l i g h t l y  t u rned  t o  l e f t .  
SPECIFIC INJURIES: Und isp laced f r a c t u r e  th rough r i g h t  f r o n t a l  bone a n t e r i o r l y  which extended 
through s u p e r i o r  o r b i t a l  r im ,  c e r e b r a l  concuss ion and con tus ion  [HRKB-21; ab ras ion  r i g h t  
f r o n t a l  a rea,  ecchymosis r i g h t  eye [FCAI-1, FRCE-11; l a c e r a t i o n  o f  r i g h t  l i p  [FILD-11. 
RECOVERY: Complete. No n e u r o l o g i c a l  d e f i c i t s .  
SOURCES OF DATA: J- SUBJECT; X PARENTS ; - 
X POLICE; J- HOSPITAL; - WITNESSES; - 
- OTHER : 
OTHER COMMENTS: 
CALCULATED DATA : 
IMPACT VELOCITY: 29 f t l s e c  (8 .8  msec) 
OAIS: 2 
ISS: 5 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 106 
SUBJECT: Female, 2  y r s  0  mo, 2 f t  1 0  i n  ( 0 . 8 6  m), 34 I b s  ( 1 5 . 4  k g )  
FALLDISTANCE: 14 ft 9  i n  ( 4 . 5 m )  
ENVIRONMENT: Window t o  c o n c r e t e  s i d e w a l k  
MAJOR INJURIES : F r a c t u r e d  s k u l  1  , f r a c t u r e d  l e f t  c l a v i c l e ,  c e r e b r a l  c o n c u s s i o n  
SUMMARY: C h i l d  was i n  bed,  n e x t  t o  window, and  may have  been a t t r a c t e d  t o  c h i l d r e n  p l a y i n g  
o u t s i d e .  She pushed t h r o u g h  s c r e e n ,  and f e l l  n e a r l y  15  f t  t o  c o n c r e t e  s i d e w a l k  b e l o w .  
I n j u r i e s  i n c l u d e d  c o n c u s s i o n ,  f r a c t u r e d  s k u l  1  and  l e f t  s h o u l d e r  b r u i s e s ,  h o s p i t a l i z e d  f o r  
4 days .  
FALL CHRONOLOGY: C h i l d  i n  bed,  l e a n e d  a g a i n s t  s c r e e n  t o  w a t c h  boys  p l a y i n g  b a s k e t b a l l  i n  
y a r d  b e s i d e  house.  The s c r e e n  pushed o u t  and c h i l d  l o s t  b a l a n c e  and f e l l  1 4  f t  9  i n  ( 4 . 5  rn) 
t o  c o n c r e t e  s i d e w a l k  b e l o w ,  l a n d i n g  o n  v e r t e x  o f  head and l e f t  s h o u l d e r .  
SPECIFIC INJURIES: C e r e b r a l  c o n c u s s i o n  w i t h o u t  l o s s  o f  c o n s c i o u s n e s s ,  l i n e a r  f r a c t u r e  o f  
s k u l l  a t  v e r t e x  [HSFS-21; u n d i s p l a c e d  f r a c t u r e  o f  l e f t  c l a v i c l e [ S L F S - 2 1 ;  a b r a s i o n s  t o  l e f t  
t e m p o r a l  a r e a  o f  f a c e ,  l e f t  s h o u l d e r ,  and l e f t   hi^ [FLAI -1 ,  SLAI -1 ,  PLAI -11 .  
RECOVERY : A p p a r e n t l y  c o m p l e t e .  C h i l d  showed no  a f t e r e f f e c t s  when o b s e r v e d .  
SOURCES OF DATA: - X SUBJECT; 2 PARENTS; 
X POLICE; X HOSPITAL; 2 WITNESSES; - - 
X OTHER: baby  s i t t e r .  - 
OTHER COMMENTS : 
CALCULATED DATA: 
IMPACT VELOCITY: 30 f t / S e c  ( 9 . 1  m/sec)  
DAIS :  2 
ISS:  9 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 107 
SUBJECT: Female, 5  y r s  10 mo, 3  f t  10 i n  (1 .17 m), 43 l b s  (19.5 kg)  
FALL DISTANCE: 16 f t  2  i n  (4 .9  m) 
ENVIRONMENT: Porch r a i  1  i n g  t o  c o n c r e t e  
MAJOR INJURIES: L i n e a r  sku1 1  f r a c t u r e ,  l e f t  s i d e  hemi p a r e s i s ,  contused eyes. 
SUMMARY : C h i l d  was s t a n d i n g  on a  c h a i r  on second s t o r y  porch watch ing c h i l d r e n  
go ing  t o  schoo l .  She leaned t o o  f a r  o v e r  t h e  r a i l i n g  and f e l l  16 f t  t o  conc re te  s i dewa lk  
below. I n j u r i e s  i n c l u d e  a  l i n e a r  s k u l l  f r a c t u r e ,  ne rve  damage t o  arms and l e g s  l e f t  s ide,  
eyes s w o l l e n  and b l a c k .  C h i l d  was i n  a  coma 2% weeks, h o s p i t a l i z e d  11 weeks. Degree o f  
r ecove ry  i s  unknown. 
FALL CHRONOLOGY: C h i l d  was s t a n d i n g  on a  c h a i r ,  l e a n i n g  ove r  t h e  po rch  r a i l .  She leaned t o o  
f a r  and f e l l  f o r w a r d  o v e r  t h e  r a i l .  Appa ren t l y  c h i l d  landed on h e r  l e f t  s i d e ,  w i t h  h e r  head 
impac t i ng  on a  c o n c r e t e  s i dewa lk  and h e r  body h i t t i n g  t h e  ha rd  g r a v e l  o f  t h e  dr iveway.  She 
came t o  r e s t  on h e r  r i g h t  s i d e .  
SPECIFIC INJURIES: L i n e a r  s k u l l  f r a c t u r e ,  f rom l e f t  t o  r i g h t  across  s k u l l ;  comatose o r  semi- 
comatose f o r  24 weeks; l e f t  s i d e  hemipares is  [HLKB-51; b o t h  eyes s e v e r e l y  contused [FBCE-21. 
RECOVERY : H o s p i t a l  i zed 11 weeks. Subsequent p rog ress  n o t  known, excep t  t h a t  hemi p a r e s i s  
was c l e a r i n g .  
SOURCES OF DATA: - SUBJECT; - PAKENTS ; 
x POLICE; - HOSPITAL; - WITNESSES; - 
X OTHER:  Grandmother - 
OTHER COMMENTS: Medica l  r eco rds  n o t  
a v a i l a b l e .  
CALCULATED DATA: 
IMPACT VELOCITY: 31 f t l s e c  (9 .5  mlsec)  
OAIS: 5 
ISS: 29 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 108 
SUBJECT: Male, 45 y r s  2 mo, 5 f t 6 i n  (1 .68  m) ,  165 l b s  (74.8  kg) 
FALL DISTANCE: 22 f t  0 i n  ( 6 . 7  m) 
ENVIRONMENT: Ladder t o  hard ,  f r o z e n  ground 
MAJOR INJURIES: B i l a t e r a l  f r a c t u r e d  ank les ,  v e r t e b r a l  compression f r a c t u r e  
SUMMARY: Sub jec t  was h e l p i n g  a ne ighbor  by  c l e a r i n g  i c e  from h i s  r o o f .  He f e l l  f rom l a d d e r ,  
22 f t, t o  bare ,  ha rd  f r ozen  ground. Sub jec t  was h o s p i t a l i z e d  13 days f o r  t r ea tmen t  o f  a 
c l osed  f r a c t u r e  o f  r i g h t  ank le ,  d i s p l a c e d  f r a c t u r e  o f  l e f t  h e e l ,  and compression f r a c t u r e  
o f  f i r s t  1 umbar ve r teb ra .  Complete recove ry  i s  u n l i k e l y .  
FALL CHRONOLOGY: Sub jec t  was a t  edge of  r oo f  of t w o - s t o r y  house, f a c i n g  t h e  house. He f e l l  
f rom l a d d e r  t o  hard ,  f r ozen  ground. He landed crouched, on bo th  f e e t .  Sub jec t  says he d i d  
n o t  h i t  t h e  ground w i t h  h i s  b u t t o c k s  o r  r o l l ,  b u t  sprang back f rom a crouched t o  a s tand ing  
oos i  t i o n .  
SPECIFIC INJURIES: Compression f r a c t u r e  body of  L1 wedged a n t e r i o r a l l y  t o  about  2 1 3  normal 
h e i g h t  [BIFV-31; s e v e r l y  comminuted f r a c t u r e  o f  d i s t a l  end o f  t h e  r i g h t  t i b i a  [LRFS-31; very  
comminuted f r a c t u r e  o f  1 e f t  c a l  caneus [QLFJ-31. 
RECOVERY: I n c a p a c i t a t e d  f o r  p ro longed p e r i o d  - s t i l l  on c ru t ches  seven months a f t e r  f a l l .  
A n t i c i p a t e s  permanent damage t o  ank les  w i t h  t r a u m a t i c  a r t h r i t i s .  
SOURCES OF DATA: SUBJECT; - PARENTS; 
X - POLICE; - X HOSPITAL; WITNESSES; 
X OTHER: Son - 
OTHER COMMENTS: P s y c h i a t r i c  consul  t a t i o n  
necessary t o  calm p a t i e n t  d u r i n g  
h o s p i t a l i z a t i o n .  
CALCULATED DATA: 
IMPACT VELOCITY: 37 f t / s e c  (11.3  m/sec) 
OAIS: 3 
ISS: 18 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER: 109 
SUBJECT: Male, 3 y r s  4 mo,height and w e i g h t  unknown 
FALLDISTANCE: 2 5 f t  7 i n  ( 7 . 8 ~ )  
ENVIRONMENT: Porch r a i  1 i n g  t o  a s p h a l t  d r i veway  
MAJOR INJURIES: Sku1 1 f r a c t u r e  and subdura l  hematoma, f r a c t u r e d  w r i s t  : F a t a l  
SUMMARY: C h i l d  was p l a y i n g  d lone  on 3 r d  s t o r y  porch and c l imbed  o n t o  r a i l i n g .  Observed by 
ne ighbo r  t o  f a l l  t o  dr iveway be low.  He su f fe red  a f r a c t u r e d  s k u l l  w i t h  subdura l  hemorrhage 
and a f r a c t u r e d  w r i s t .  The i n j u r i e s  proved f a t a l  34 hours  a f t e r  t h e  f a l l .  
FALL CHRONOLOGY: C h i l d  c l imbed  3 r d  s t o r y  porch r a i l i n g ,  a p p a r e n t l y  f a c i n g  outward, and 
l o s t  h i s  ba lance.  He landed e s s e n t i a l l y  head f i r s t  on an a s p h a l t  d r iveway.  
SPECIFIC INJURIES: F rac tu red  s k u l l ,  w i t h  subdura l  hematoma which compressed t h e  b r a i n  
[HWKB-51; f r a c t u r e d  w r i s t  [WUFJ-21. 
RECOVERY: C r i t i c a l  c o n d i t i o n  and unconscious a f t e r  f a l l .  F a t a l  3% hours  post - impact .  
SOURCES OF DATA: - SUBJECT; - PARENTS; 
X POLICE; - HOSPITAL; X WITNESSES; - - 
- OTHER : 
OTHER COMMENTS : Medica l  and autopsy r e p o r t  
n o t  a v a i l a b l e .  
CALCULATED DATA: 
IMPACT VELOCITY: 40 f t / s e c  (12.2  mlsec)  
OAIS: 5 
I S S :  29 
FREE-FALL STUDY CASE REPORT 
CASE NUMBER : 1  10 
SUBJECT: Male,  3  y r s  4  mo, 3  f t  2  i n  (0 .97 m), 32 l b s  (14.5  kg)  
FALL DISTANCE: 17 f t  2 i n  ( 5 . 2  m) 
ENVIRONMENT: Garbage can " e l e v a t o r "  t o  c o n c r e t e  
MAJOR INJURIES: R i g h t  p a r i e t a l  sku1 1  f r a c t u r e ,  severe  b r a i n  trauma: f a t a l  
SUMMARY: S u b j e c t  was p l a y i n g  w i t h  b r o t h e r ,  b e i n g  r a i s e d  i n  a  garbage can " e l e v a t o r "  by  a  
rope. A t  t h e  second f l o o r  l e v e l ,  t h e  s u b j e c t  pan icked and t i l t e d  t h e  garbage can. He f e l l  
ou t ,  f l i p p e d  i n  t h e  a i r  and landed on a  c o n c r e t e  p a t i o  a f t e r  f a l l i n g  17  f e e t .  He was 
h o s p i t a l i z e d  i n  a  t e r m i n a l  s t a t e  w i t h  a  s k u l l  f r a c t u r e  and severe  b r a i n  trauma. He e x p i r e d  
7  hours  a f t e r  t h e  f a l l .  
FALL CHRONOLOGY: S u b j e c t  was a t  second f l o o r  l e v e l ,  i n s i d e  a  garbage can t h a t  was suspended 
by a  rope.  Sub jec t  t i l t e d  t h e  can and s l i d  o u t ,  face down. He r o t a t e d  one complete t u r n  
i n  mid-a i  r and landed h e a d - f i r s t  on t h e  r i g h t  s i d e  o f  h i s  head. 
SPECIFIC INJURIES: Non-depressed l i n e a r  s k u l l  f r a c t u r e  i n  r i g h t  temporal  p a r i e t a l  r e g i o n ,  
w i t h  severe  c e r e b r a l  trauma (non- respons ive  eyes, l o s s  o f  pulmonary f u n c t i o n ,  deep coma) 
[HRKB-51; c o n t u s i o n  and hematoma, r i g h t  fo rehead and temporal  r eg ions  [FSCI-1 , HRCI-11; 
abras ions o f  mouth and nose [FCAI-11; ab ras ions  t o  l ower  a n t e r i o r  ches t  and f r o n t  o f  b o t h  
t h i g h s  [CCAI-1 , TBAI-11. 
RECOVERY: S u b j e c t  e x p i r e d  7  hours  a f t e r  f a l l .  
SOURCES OF DATA: - SUBJECT; j- PARENTS; 
- POLICE; j- HOSPITAL; _2! WITNESSES; 
- OTHER : 
OTHER COMMENTS: S u b j e c t ' s  15 -yea r -o ld  
b r o t h e r  was w i tness  t o  e n t i  r e  f a 1  1  and 
desc r i bed  f a 1  1  sequence. 
CALCULATED DATA: 
IMPACT VELOCITY: 32 f V s e c ( 9 . 8  m lsec )  
OAIS: 5 
ISS: 26 
T h i s  case was s imu la ted .  Responses do n o t  
account  f o r  f r a c t u r e  (See Chapter  3 ) .  
Es t .  peak head acce l  : 782-813 g ' s  
Est .  peak head normal f o r c e :  4619-4633 I b f  
(20,500 - 20,600 N )  
Es t .  peak head d e f l e c t i o n : . 5 9  i n  ( 1 . 5  cm) 
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COMPUTER SINULATION OF HUMAN FREE FALLS 
The computer simulations of human free falls conducted 
as a part of the free-fall study were made with the MVMA 
TWO-~imensional Crash Victim Simulator, developed at the 
University of Michigan Highway Safety Research Institute. 
This model includes the following features in its represen- 
tation of the human body: 
1. A nine-mass, ten-segment body linkage; 
2. An extensible, two-joint neck and a realistically- 
flexible shoulder complex; 
3. Energy-absorbing joints; 
4. Time-dependent muscle activity level; 
5. Contact-sensing ellipses of arbitrary size, 
position, and number which define the body profile; 
and, 
6. General and arbitrarily-defined nonlinear materials 
with energy-absorbing capability for all parts of 
the body. 
This model is completely documented in the three-volume 
report, "MVMA Two-Dimensional Crash Victim Simulation, Version 
3" (Bowman, et al., 1974)" and in the "MZrMA 2-D Tutorial 
System"(Bowman, et al., 1977). It is described in less 
detail in,"The MVMA Two-Dimensional Crash Victim Simulation," 
(Robbins, et al, 1974). 
A. Fall Cond-itions 
Position and velocity conditions at impact were esti- 
mated from real life case data and used to initialize the 
free-fall computer simulations. Body orientation at impact 
was estimated from information obtained by interviewing 
free-fall victims and eye witnesses and also by checking 
injury details recorded in hospital records. The position 
* References for Appendix B are located at the end of 
Appendix B. 
in space was arranged so that at simulation "time zero" the 
body part of first contact was tangent to the impacted sur- 
f ace. 
For these simulations, three velocity conditions must 
be specified at impact. For all cases investiaated, the 
z-component (vertical) of the impact velocity was considerably 
greater than the x-component (horizontal). At impact the z- 
velocity of the body center of gravity was determined as 
m, where h is the vertical distance between the pre-fall 
and time-zero (impact) center of gravity positions. Drag 
effects during the fall were considered negligible. From the 
duration of the free fall, the vertical impact velocity, and 
the pre-fall and time-zero body orientations, an overall body 
angular velocity at impact was estimated. using case data 
and the estimated angular velocity, the x-component of 
velocity of the body CG at time zero was also estimated. 
The impacted surfaces for the cases simulated were all 
hard and unyielding in comparison with any part of the 
human body (typically, they were slate, concrete, ice, 
terrazo, and asphalt). They were, therefore, assumed to be 
infinitely rigid for the computer simulations. Appropriate 
coefficients of friction for interaction between each of 
these surfaces and each part of the body (e.g., head, clothing, 
shoes) were estimated from handbook data (Weast, 1971). 
Several simulations were repeated to determine the 
effects of falls onto non-rigid surfaces. Modeling of 
soil properties in these simulations is discussed in 
Section N. 
B. The Body Linkage 
1. The Model. The MVMA-2D body linkage is illustrated 
in Figure B-1. (The orientation shown here is of a seated 
automobile occupant.) Ten physical links are represented. 
The human spinal column is more or less continuously flexible 
Figure B - 1 .  Articulated Body Schematic 
s i n c e  it i s  composed o f  t h i r t y - t h r e e  v e r t e b r a e  and i n t e r -  
v e n i n g  f i b r o c a r t i l a g i n o u s  d i s c s .  The model s i m u l a t e s  f l e x -  
i b i l i t y  o f  t h e  combined t h o r a c i c  and lumbar  s p i n e s  by two 
a r t i c u l a t i o n s ,  which c o n n e c t  t h r e e  t o r s o  l i n k s .  These a r e  
j o i n t s  3  and 4 i n  t h e  f i g u r e .  F l e x i b i l i t y  o f  t h e  c e r v i c a l .  
s p i n e  i s  a c c o u n t e d  f o r  by two a r t i c u l a t i o n s ,  one  a t  t h e  oc- 
c i p i t a l  c o n d y l e s  and one a t  t h e  seventh-cervical/first-thora- 
c i c  j u n c t u r e ,  j o i n t s  1 and 2 ,  r e s p e c t i v e l y .  
Nine masses  a r e  a s s o c i a t e d  w i t h  t h e  t e n  l i n k s .  The 
neck l i n k  Ln i s  e x t e n s i b l e  and c o m p r e s s i b l e  and h a s  non- 
z e r o  mass* w h i l e  t h e  s h o u l d e r  l i n k  (9-7)  h a s  no mass b u t  
i s  i n c l u d e d  i n  t h e  model t o  a c c o u n t  f o r  s a g i t t a l - p l a n e  
c l a v i s c a p u l a r  s h r u g g i n g  m o t i o n s .  A l l  o t h e r  l i n k s  a r e  
i n e x t e n s i b l e  and a r t i c u l a t e  a t  t h e  j o i n t  p o s i t i o n s  i l l u s -  
t r a t e d .  
2 .  Link Data  Requi rements .  A r m  c o n t a c t s  w i t h  t h e  s t r u c k  
s u r f a c e  were n o t  c o n s i d e r e d  t o  be  o f  i m p o r t a n c e  f o r  any o f  
t h e  c a s e s  s i m u l a t e d ,  s o  arm l i n k s  were e l i m i n a t e d  by ap- 
p r o p r i a t e  s e l e c t i o n  o f  i n p u t  p a r a m e t e r  v a l u e s .  Thus,  
l i n k - l e n g t h  d a t a  r e q u i r e d  f o r  e a c h  s i m u l a t i o n  were t h e  
q u a n t i t i e s  Ln ( a t  t = 01 ,  L ~ ~ ,  L ,  L ~ ~ ,  L ~ ~ ,  5, C ,  
12,  l 3  , l 4  , P S I  and k 6 ,  a l l  i l l u s t r a t e d  i n  t h e  F i g u r e  
B-1 .  a l l  k 2 ,  13, 14 ,  L 5  , and P 6  l o c a t e  t h e  c e n t e r s  o f  mass 
o f  t h e  l i n k s  w i t h  r e s p e c t  t o  a r t i c u l a t i o n  p o i n t s .  The 
q u a n t i t y  c i s  t h e  r e a r w a r d  o f f s e t  o f  t h e  c o n d y l e s  a r t i c u -  
l a t i o n  from t h e  s u p e r i o r - i n f e r i o r  head a x i s .  The r ema in ing  
q u a n t i t i e s  a r e  l i n k  l e n g t h s .  
The o n l y  a n t h r o p o m e t r i c  d a t a  a v a i l a b l e  f o r  t h e  f r e e -  
f a l l  v i c t i m s  were h e i g h t  and w e i g h t .  However, g i v e n  h e i g h t ,  
w e i g h t ,  a g e ,  and s e x ,  i t  was p o s s i b l e  t o  d e r i v e  n e c e s s a r y  
d imens ions  for t h e  l i n k  l e n g t h s  o f  p r i m a r y  s i g n i f i c a n c e  
u s i n g  r e s u l t s  f rom v a r i o u s  a n t h r o p o m e t r y  s t u d i e s  (Damon, e t  a l ,  
1971;  Snyde r ,  e t  a l . ,  1972;  Snyde r ,  S p e n c e r ,  e t  a l ,  1 9 7 5 ) .  The 
p r i m a r y  l i n k s  a r e :  1) head-neck h e i g h t ;  2 )  t o t a l  t o r s o  h e i g h t ;  
*Neck mass i s  d i s t r i b u t e d  a t  t h e  end p o i n t s  o f  t h e  neck  linl:. 
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3) femoral length; and 4) lower leg length. These are among 
the anthropometric dimensions illustrated in Figure B-2. 
Good data for these basic body length dimensions are of 
primary importance; length dimensions for the separate model 
links which comprise these more basic dimensions have a 
secondary importance. They introduce physically-present 
flexibility to the linkage and should therefore be included 
in any good analytical human-body kinematics model. As 
values for these lengths must be included in MVMA-2D data 
sets, the values for model link lengths Ln ( O ) ,  LZ3, Lj4, 
and L45 were derived from the basic dimensions previously 
mentioned. 
3. Torso Link Data. Work at HSRI dating from the -- 
earliest whole-body motion models (1967) has provided the 
following torso link ratios*for 50th-percentile-stature males: 
L23/~T = 0.552, L34/~T = 0.252, L45/~T = 0.196, !L2/L23 = 0,589, 
L3/Lj4 = 0.445, k4/L45 = 0.306, where LT is the total torso 
height, and all other parameters are illustrated in Figure B-1. 
Given L for any individual, values for the parameters T 
L23' L34f L45' '2' k3, and k4 that are satisfactory for whole- 
body motion simulations can be obtained by using these ratios. 
For example, with a total torso height of 22.75 inches, L23 
is 12.53 inches and L is 5.75 inches.** 
3 4 
4. Neck Link Data. With torso link data determined in 
this manner and using other anthropometric measures, like 
head-neck height, it is possible to estimate neck length 
for any member of the population. The basic scaling 
assumption is that neck length is a constant proportion of 
total spinal column length, independent of stature, sex, 
or age. 
* For free-fall simulations, dynamic response is insensitive 
to these ratlos. 
* *  To simplify presentation of material, SI units are not 
included in the text. Conversion constan's for SI units 
will be found on page 37 of this appendix. 
head l e n g t h  
knee 
Figure B-2 .  Anthropometric Dimensions 
Figure B-3 illustrates a three-element model of the spinal 
column, together with the head. 
T h o r a c i c  
Sp ine  
Lumbar 
Sp ine  
Figure B-3. Head and Spinal Column Dimensions. 
Using a  nominal  20' s e a t e d - p o s i t i o n  neck a n g l e , *  t h e  
s p i n a l  column l e n g t h  c a n  b e  e x p r e s s e d  a s  
( H N H  - T ) / C O S  20'  
where HNH i s  head-neck h e i g h t  and T i s  t h e  d imens ion  from 
t h e  t o p  o f  t h e  head t o  t h e  o c c i p i t a l  c o n d y l e s .  S i n c e  head- 
neck h e i g h t ,  LZ3,  and L34 c a n  b e  c a l c u l a t e d  f o r  e a c h  c a s e  
s u b j e c t  a s  p r e v i o u s l y  e x p l a i n e d ,  Ls c a n  be e v a l u a t e d  i f  T 
i s  known. To o b t a i n  T f o r  any  i n d i v i d u a l ,  t h e  a s sumpt ion  
i s  made t h a t  T/HL i s  a  p o p u l a t i o n  c o n s t a n t .  Fo r  a d u l t  ma le s ,  
t h e  a v e r a g e  v a l u e  o f  T c a n  b e  t a k e n  t o  be  1 2 . 8  c m  and HL, 
19.0 cm ( S n y d e r ,  C h a f f i n ,  and  F o u s t ,  1 9 7 5 ) .  T h e r e f o r e ,  T = 
.671  HL, and  Ls i s  d-e te rmined .  
Measurements o f  t h e  s t r a i g h t - l i n e  neck l e n g t h  from C 1  
t o  C7-T1 from x - r a y s  o f  a v e r a g e  s t a t u r e  a d u l t  ma le s  i n d i c a t e  
a  v a l u e  o f  4 .41 i n c h e s  ( S c h n e i d e r ,  e t  a l . ,  1 9 7 6 ) .  u s i n g  t h e  
p r e v i o u s l y - p r e s e n t e d  t o r s o  l i n k  d a t a  f o r  t h i s  p o p u l a t i o n  g r o u p ,  
w e  may e x p r e s s  t o t a l  s p i n a l  column l e n g t h  a s  L = Ln + L Z 3  + 
S 
L 3 4  = 4 . 4 1  t 12.59  t 5.75  - 22.75 i n .  Consequen t ly ,  t h e  popu- 
l a t i o n  c o n s t a n t  which r e l a t e s  neck l e n g t h  t o  t o t a l  s p i n a l  
column l e n g t h  i s  
Hense,  f o r  any  member o f  t h e  p o p u l a t i o n :  
Ln = . I 9 3 8  [1.064 (HNH - .674 HL) + L 2 3  + L j 4 ] .  
(Here, a s  p r e v i o u s l y  e x p l a i n e d ,  L 2  = ,552  L t  and L j 4  = 
.252 L T ,  where LT i s  t o t a l  t o r s o  h e i g h t . )  
* Average f o r  f i v e  a d u l t  ma le s  ( S c h n e i d e r ,  e t  a l l  1976;  
Ewing, e t  a l l  1975)  
5. Location of Occipital Condyles. The quantities 
R ,  and c in Figure B-1 define the position of the head 
I 
center of mass with respect to the occipital condyles in a 
coordinate frame fixed to the head. P1 is the distance 
measure along the inferior-superior head axis, and c is 
the rearward offset of the condyles from this axis (mea- 
sured parallel to the Frankfort Plane). These quantities 
are both assumed to be proportional to head length as 
population constants. Average data for adult males have 
been determined to be HL = 19.0 cm, LL = 4,.16 cm, and 
c = 2.47 cm (Schneider, et al, 1976). Hence, 
and 
C. - Relation of Body Parameters to Body Yass* 
Good biomechanical and anthropometric data are important 
for successful use of any whole-body motion simulator. A 
researcher will sometimes have good data for one segment 
of the population, for example, 35 to 40 year old males of 
50th percentile stature and weiaht, but incomplete data for 
other segments of the population. By applying scaling re- 
lations to reliable data obtained for one segment of the 
population, it is generally possible to develop reasonable 
data for the rest. 
The method of scaling is a reasonable substitute for 
direct biomechanical and anthropometric measurement. Its 
use in this study was influenced by all data available for 
the population segment of interest. Engineering judgment 
was used in complementing the available data with that ob- 
tained by scaling. The development of relations for body 
link lengths in the section above is typical of much of the 
* Material in this section has been adapted from the PWMA 
2-D Tutorial System (Rowman, et al, 1977). 
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scaling that was used in the computer study of human falls. 
IIowever, for some types of biornechanical parameters, 
the only available data on which scaling could be based 
were less directly applicable. Often, only the body mass 
was available. But body mass alone, if used with care, 
can be the basis for reasonable scaled values. An under- 
standing of the assumptions made in deriving scaling re- 
lations of this type is important so that the results may 
be used intelligently. This is also important in allowing 
the modeler to make a subjective estimate of how good his 
scaled values are likely to be. The scaling relations 
given in Figure B-4 are valid, qiven the following con- 
ditions: 
1) All internal and external length measures of the 
"scaled" biomechanical system (subscript 2) are proportional 
to the corresponding measures of the "scaled to" system 
(subscript 1) by the same proportionality constant. That 
is, linear scaling in size is assumed. 
2) Corresponding body parts of the two systems have 
equal mass densities. 
3) Corresponding anatomical elements of the two 
systems have the same material constitutive properties. 
This means that material parameters such as Young's modulus 
(E) are the same for corresponding elements while the 
strengths of the elements will not be the same if they are 
of different size. 
It is clear from these conditions that biomechanical 
scaling will be better between some segments of the popu- 
lation than between others. The first condition, linear 
scalina in size, is probably the primary weakness in human 
scaling since body proportions are functions of age and sex. 
For example, better results can he expected for scaling from 
35-44 year-old males to 18-24 year-old males than from 35-44 
year-old males to 6-9 year-old females. Nevertheless the 
above conditions indicate that scaling between human 
population sets is more justified than scalinq from lower 
primates to humans, which is a common technique used in 
the development of human injury tolerance data. 
Where less directly-applicable data were available, 
fall simulation data were developed using some of the 
relationships in Figure B-4. In particular, the moment- 
of-inertia and viscoelastic-parameter relations (for 
joints) had to be used in the simulations. 





MOMENT OF INERTIA: 
DAMPING COEFFICIENT: 
LINEAL SPRING CONSTANTS: 
where F = ~ ( ~ ' 6  + K ( 2 ) 6 ~  + . . . 
TORSIONAL SPRING CONSTANTS: ( " I  ( M ~ / M ~ )  = K28 
2 
where T = K;')AO + ~ 6 ~ )  (A$) + ... 
Figure B-4. Parameter Scaling Relations. 
D .  J o i n t  P r o ~ e r t i e s  
R e s i s t a n c e  t o  mot ion  between a d j a c e n t  body l i n k s  i s  
p r e s e n t  i n  j o i n t  s t r u c t u r e s  o f  t h e  human body. There  a r e  
p a s s i v e  r e s i s t a n c e s  t h a t  r e s u l t  f rom d e f o r m a t i o n  of  b o t h  
s o f t  and h a r d  t i s s u e s .  I n  a d d i t i o n ,  a c t i v e  r e s i s t a n c e s  a r e  
p r e s e n t  a t  a  j o i n t  whenever t h e  m u s c u l a t u r e  c o n n e c t i n g  t h e  
l i n k s  i s  i n  a  c o n t r a c t e d  s t a t e .  Both p a s s i v e  and a c t i v e  
v i s c o e l a s t i c  j o i n t  e l e m e n t s  a r e  r e p r e s e n t e d  ( a s  compos i t e ,  
lumped-parameter s t r u c t u r e s )  i n  t h e  P4VYA 2-Dmodel. 
The mJMA 2 - D  j o i n t  model i s  e x p l a i n e d  f u l l y  i n  Bowman, 
e t  a l . ,  (1974 and 1 9 7 7 ) .  The p a s s i v e  e l e m e n t s  i n c l u d e  non- 
l i n e a r  s p r i n g s  w i t h  e n e r g y - d i s s i p a t i n g  a b i l i t y  and l i n e a r ,  
r a t e - s e n s i t i v e  dampers .  The a c t i v e  e l e m e n t s  a r e  series 
combina t ions  o f  s p r i n g  and damper components ,  where t h e  
s p r i n g  and damping c o e f f i c i e n t s  a r e  b o t h  f u n c t i o n s  o f  t h e  
t ime-dependent  l e v e l  o f  musc le  a c t i v a t i o n .  I t  was f e l t  
t h a t  o n l y  c o n t r a c t i o n  o f  l e g  musc le  was s i g n f i c a n t  i n  any 
o f  t h e  f a l l  c a s e s ,  s o  t h e  knee j o i n t  was t h e  o n l y  one f o r  
which a c t i v e  e l e m e n t s  were r e p r e s e n t e d  (and  t h e n  o n l y  f o r  
f o o t - f i r s t  f a l l s ) .  
J o i n t  p a r a m e t e r  d a t a  deve loped  a t  HSRI f o r  males  o f  
5 0 t h  p e r c e n t i l e  w e i g h t  and s t a t u r e  (MVMA 2 - D  b a s e l i n e  
d a t a  s e t ,  1976)  were s c a l e d  t o  v a l u e s  a p p r o p r i a t e  f o r  t h e  
i n d i v i d u a l  c a s e  s u b j e c t s  by u s i n g  t h e  s c a l i n g  r e l a t i o n s  
p r e s e n t e d  i n  t h e  p r e c e d i n g  s e c t i o n .  The d a t a  t h a t  were de-  
ve loped  i n  t h i s  manner i n c l u d e  t h e  e l e m e n t s  which r e s i s t  
e l o n q a t i o n  and compress ion  o f  t h e  neck l i n k .  
" B a s e l i n e "  j o i n t  range-of -mot ion  d a t a  from t h e  HSRI 
5 0 t h - p e r c e n t i l e - m a l e  d a t a  se t  were used  f o r  a l l  s imu la -  
t i o n  s u b j e c t s  more t h a n  17  y e a r s  o f  age  ( 1 7 ,  1 9 ,  and 21 ,  
a l l  m a l e s ) .  S i n c e  t h e r e  a r e  v i r t u a l l y  no u s e f u l  range-of -  
mot ion d a t a  f o r  c h i l d r e n  i n  t h e  l i t e r a t u r e ,  t h e  b a s e l i n e  
d a t a  were a d j u s t e d  by a r b i t r a r y  p e r c e n t a g e s  t o  o b t a i n  
v a l u e s  f o r  c h i l d r e n  which r e p r e s e n t  g r e a t e r  f l e x i b i l i t y .  
For the one-year old subject, joint range-of-motion data 
were increased by 20%. For subjects of age two, 15% was 
used. For subjects from three to six, 10% was used. Ranges 
of motion for the thirteen-year-old were 5% greater than 
the baseline data. While it is felt that these ranges of 
motion are not unreasonable, it is worth noting that the 
impact accelerations and forces that are the focus of the 
fall simulations are not sensitive to range of motion. 
E. Masses and Moments of Inertia --
1. ~ i n k  Data. Two sources were used to establish "base 
data" for body link masses and moments of inertia. These 
were the HSRI 50th-percentile-male data set (1976) "Develop- 
ment and Evaluation of Masterbody Forms for Three-Year Old 
and Six-Year Old Child Dummies" (Reynolds, et al, 1976). 
The study by Reynolds, et a1 contains data on body-segment 
mass and moment of inertia for masterbody forms for three- 
year-old and six-year-old children. 
It is important to have separate base data for child- 
ren since a linear size relationship between children and 
adults is not a good approximation. The scaling relations 
of Section C of this appendix are better used for adult-to- 
adult and child-to-child scaling. In this study, for ex- 
ample, segment-mass and moment of inertia data were derived 
for case subjects of age one, two, and three by scaling the 
masterbody three-year-old data on the basis of body mass. 
As indicated in Figure B-4, the first and 5/3 powers of the 
mass ratio are the appropriate scaling constants for masses 
and moments of inertia, respectively. Data for the six-year- 
old were obtained similarly by scaling the masterbody six- 
year-old data. Baseline 50th percentile-male data were 
scaled for all other case subjects (ages 13, 17, 19, and 21). 
Two special considerations were used. First, since 
arm links were not included in the fall simulations, as 
explained in Section B, an effective mass of fifty percent 
of total arm mass was arbitrarily added to the upper torso 
link. Second, as head size is not linearly scaled even 
within a population group for which other body proportions 
are almost linearly related, body segment masses and moments 
of inertia were scaled by the relations in Figure B-4 on the 
basis of ratios of "headless" body masses, not total body 
masses. The independent determination of head mass and 
moment of inertia values is explained below. 
2. Head Data. Of several functions of anthropometric 
dimensions that were thought might correlate highly with head 
mass, the circumference of the heads of five male cadavers 
correlated best with head mass (r = .922). This is a findin? 
reported by Schneider, et a1 (1976), who used data from a study 
by Chandler, et a1 (1975). Thus, where C is the head circum- 
ference of the case subject and m and C are the average head 
mass and circumference of the cadavers, the head mass of the 
case subject is obtained from the following scaling relation: 
m = %(c/?). 
Transverse head moment of inertia correlated well 
(r = .978) with the following quantity: 
[ (menton to vertex) + (head length) ] x [head circumference] . 
Since the menton-to-vertex measure was not available for the 
free-fall simulation subjects, this result was used indirectly. 
The demonstrated correlation of this function with moment of 
inertia was used by Schneider and Bowman to scale the averaged 
cadaver moment of inertia izo a value for a population segment 
for which average measures were known for the menton-to-vertex 
height, head lenqth, and head circumference (a group of military 
personnel). The head mass for this same group was estimated 
in the manner previously explained. These values are desig- 
nated I* and M*. Using these mass and moment of inertia 
data, together with the reasonable assumption of a linear size 
relationship for head (not body) measures for the entire 
population, it is possible to estimate the head moment of 
inertia I for any case subject by 
where m is the previously-determined head mass. 
F. The Body Profile 
In order that the computer model can predict force- 
producing interactions between the simulated human and his 
environment, sets of potentially-interacting, geometrical 
profiles must be defined along with the other input data. 
For the free fall simulations, the environment is simply 
defined. It consists entirely of a single, horizontal 
line representing the struck surface. While it could be 
assigned a general set of material properties, the struck 
surface was designated as rigid for these simulations, as 
explained in Section A. 
The contact-sensing body profile in the MVMA Two- 
Dimensional model is a set of ellipses of arbitrary number 
and dimensions, fixed to body links at arbitrary positions. 
Material properties may be assigned for each ellipse, or 
any ellipse can be specified as rigid. For each of the fall 
simulations, the profile of ellipses was defined so as to: 
1) approximate the body dimensions of the case subject, 
and 2) provide reasonably accurate resistance to body defor- 
mation, as a function of body part. The development of 
material property assignments is in section G. The re- 
mainder of this section deals with development of para- 
meter values for the undeformed, geometrical profiles of 
the case subjects simulated. Five ellipses are defined. 
1. Head Ellipse. Two primary considerations went 
into assigning head ellipse parameter values. First, the 
"head length" dimension (anterior-posterior) of the sub- 
ject is best represented by assigning HL/2 as the A-P 
semi-axis dimension of the head ellipse. Second, in order 
to predict the effect of impacts near the top of the head 
most a c c u r a t e l y ,  t h e  S - I  s emi -ax i s  dimension i s  t a k e n  a s  
t h e  head CG-to-vertex d i s t a n c e .  The e l l i p s e  i s  c e n t e r e d  
a t  t h e  head  c e n t e r  o f  g r a v i t y .  
While head l e n g t h  i s  a  s t a n d a r d  measure  i n  anthropome- 
t r y  s t u d i e s ,  t h e  CG-to-vertex d imens ion  must be de t e rmined  
i n d i r e c t l y  and r e q u i r e d  d a t a  a r e  a v a i l a b l e  f o r  o n l y  c e r t a i n  
p o p u l a t i o n  segments .  S i n c e  b o t h  d imens ions  a r e  needed ,  
however,  t o  d e s c r i b e  t h e  head e l l i p s e  f o r  each  c a s e  sub- 
j e c t ,  v a l u e s  f o r  t h e  CG-to-vertex d imens ion  were o b t a i n e d  
by assuming t h a t  t h e  r a t i o  (CG t o  v e r t e x ) / ( h e a d  l e n g t h )  i s  
a  p o p u l a t i o n  c o n s t a n t .  A s i m i l a r  assumpt ion  was made i n  
o r d e r  t o  e s t a b l i s h  t h e  l o c a t i o n  o f  t h e  o c c i p i t a l  c o n d y l e s  
w i t h  r e s p e c t  t o  t h e  head CG i n  S e c t i o n  B ,  and a l s o  i n  t h e  
s c a l i n g  f o r  head moment o f  i n e r t i a  i n  S e c t i o n  E .  Ewing, 
e t  a l .  (1972)  de t e rmined  t h a t  f o r  a d u l t  males  t h e  head C G  
a v e r a g e s  2 .13 c m  above t r a g i o n  (and  1 . 3  c m  f o r w a r d ) .  
Snyder ,  C h a f f i n  and F o u s t  (1975)  de t e rmined  t h a t  t h e  co r -  
r e spond ing  t r a g i o n - t o - v e r t e x  and head - l eng th  measures  a r e  
1 2 . 8  cm and 1 9 . 0  c m .  Hence, f o r  a  head l e n g t h  o f  19 .0  
cm, t h e  CG-to-vertex d imens ion  i s  12 .8  - 2.13  = 10.67  c m ,  
and t h e  assumed p o p u l a t i o n  c o n s t a n t  i s  
CG t o  v e r t e x  = .5616 , 
head l e n g t h  
Consequen t ly ,  t h e  A-P and S-I e l l i p s e  s emi -ax i s  l e n g t h s  a r e  
t a k e n  a s  
and a  = 1.123  b .  
2 .  Ches t  E l l i p s e .  The A-P d i a m e t e r  o f  t h e  c h e s t  e l -  
l i p s e  was a s s i g n e d  t h e  v a l u e  f o r  c h e s t  d e p t h ,  i . e . ,  where 
CD i s  c h e s t  d e p t h ,  t h e  A-P s emi -ax i s  d imens ion  i s  b = C D / 2 .  
The e l l i p s e  c e n t e r  was p o s i t i o n e d  l o n g i t u d i n a l l y  a t  t h e  
CG o f  t h e  upper  t o r s o  l i n k .  T h e r e f o r e ,  an i m p l i c i t  assumpt ion  
was made t h a t  c h e s t  d e p t h  i s  measured a t  t h e  upper  t o r s o  
CG.*  On t h e  b a s i s  o f  s p a r s e  a n t h r o p o m e t r i c  d a t a ,  t h e  e l -  
l i p s e  c e n t e r  was p o s i t i o n e d  a n t e r i o r l y  from t h e  upper  t o r -  
s o  C G  by a b o u t  1 0 %  o f  t h e  c h e s t  d e p t h .  The S- I  l e n g t h  of  
t h e  c h e s t  e l l i p s e  a p p r o x i m a t e s  t h e  l e n g t h  o f  t h e  uppe r  t o r -  
s o  l i n k  ( Z a  = .82 
3 .  Hip E l l i p s e .  The h i p  e l l i p s e  was c e n t e r e d  a t  t h e  
h i p  j o i n t ,  t h e  a r t i c u l a t i o n  between l i n k s  4 and 5 i n  F i g u r e  
B-1 .  I t  was a r b i t r a r i l y  d e f i n e d  a s  a  c i r c l e  o f  r a d i u s  
e q u a l  t o  t h e  c h e s t  A-P s emi -ax i s  l e n g t h ,  i . e . ,  t h e  h i p  c i r -  
c l e  d i a m e t e r  e q u a l s  t h e  c h e s t  d e p t h .  
4 .  Knee E l l i p s e .  The knee e l l i p s e ,  l i k e  t h e  h i p ,  was 
d e f i n e d  a s  a  c i r c l e .  I t  i s  c e n t e r e d a t  t h e  knee j o i n t  and 
a  s i m p l e  r u l e  was e s t a b l i s h e d  on t h e  b a s i s  o f  a n t h r o p o m e t r i c  
d a t a  t o  app rox ima te  an  a p p r o p r i a t e  r a d i u s .  Where A i s  age  
i n  y e a r s ,  t h e  r a d i u s  was set  t o  2 .5  i n c h e s  f o r  s u b j e c t s  
1 5  y e a r s  o f  age  o r  more and t o  1. t A/10 i n c h e s  f o r  sub- 
j e c t s  less t h a n  15 .  
5 .  Foot  E l l i p s e .  The MVMA-2D model d o e s  n o t  have an 
a r t i c u l a t i o n  a t  t h e  a n k l e .  Consequent ly  an  e l l i p s e  of  dimen- 
s i o n s  s i m i l a r  t o  t h e  f o o t ' s  a t t a c h e d  t o  t h e  end  o f  t h e  lower  
l e g  l i n k  w i l l  n o t  p roduce  r e a s o n a b l e  f o o t  f o r c e s  u n l e s s  t h e  
a s s i g n e d  m a t e r i a l  p r o p e r t i e s  a r t i f i c i a l l y  a c c o u n t  f o r  t h e  
t o r s i o n a l  r e s i s t a n c e s  t o  f l e x i o n  and e x t e n s i o n  a t  t h e  a n k l e .  
No u s e f u l  d a t a  o f  t h i s  s o r t  a r e  p r e s e n t l y  a v a i l a b l e ,  and 
t h e r e f o r e  a  s i m p l e r  f o o t  model i s  used .  A c i r c l e  i s  
used  a s  t h e  f o o t  e l l i p s e .  I t  i s  p o s i t i o n e d  a t  t h e  end o f  
t h e  lower  l e g  l i n k ,  t a n g e n t  t o  t h e  u n d e r s i d e  o f  t h e  h e e l ,  
t h e  p a r t  o f  t h e  f o o t  which must t a k e  t h e  g r e a t e s t  l o a d  i n  
a f o o t - f i r s t  f a l l .  R a d i i  o f  t h e  f o o t  c i rc les  f o r  t h e  simu- 
l a t e d  c a s e  s u b j e c t s  a r e  n o t  i m p o r t a n t  f o r  t h i s  f o o t  model ,  
b u t  s m a l l e r  v a l u e s  were used  f o r  c h i l d r e n  t h a n  f o r  a d o l e s -  
c e n t s  and a d u l t s .  Values  u sed  r ange  from 1 i n c h  f o r  age 1 
" By t h e  r e s u l t s  i n  S e c t i o n  B ,  t h i s  i s  0 . 3 2 5  LT below 
C7-T1, where LT i s  t o t a l  t o r s o  h e i g h t .  
t o  3 i n c h e s  f o r  a d u l t s .  
G .  M a t e r i a l  P r o p e r t i e s  
M a t e r i a l  p r o p e r t i e s  a r e  p r e s c r i b e d  f o r  e a c h  o f  t h e  
body c o n t a c t  e l l i p s e s .  The MVMA-2D model d o e s  n o t  u s e  
d e f i n e d  c o n s t i t u t i v e  p r o p e r t i e s ,  b u t  i n s t e a d  r e q u i r e s  l oad -  
d e f l e c t i o n  c h a r a c t e r i s t i c s  and i n f o r m a t i o n  r e l a t i n g  t o  
h y s t e r e t i c  e n e r g y  l o s s  and permanent  d e f o r m a t i o n  upon un- 
l o a d i n g .  
L i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  i n  t h e  l i t e r a t u r e  
t h a t  i s  r e l e v a n t  t o  u n l o a d i n g  c h a r a c t e r i s t i c s  o f  body p a r t s .  
I t  i s  c l e a r ,  however,  t h a t  a l m o s t  a l l  l o a d i n g  e n e r g y  i s  
l o s t  upon u n l o a d i n g  from l a r g e  d e f o r m a t i o n s  s i n c e  f a l l  v i c -  
t i m s  rebound t o  a  h e i g h t  t h a t  i s  i n s i g n i f i c a n t  compared 
w i t h  t h e  f a l l  h e i g h t .  Fo r  t h e  f r e e - f a l l  s i m u l a t i o n s ,  
r e s t i t u t i o n  c o e f f i c i e n t s  o f  0 . 1  were assumed f o r  a l l  body 
p a r t s  e x c e p t  t h e  c h e s t ,  and permanent  d e f o r m a t i o n s  were 
assumed t o  be  t e n  p e r c e n t  o f  t h e  maximum d e f l e c t i o n .  The 
u n l o a d i n g  p a r a m e t e r s  f o r  t h e  c h e s t  a r e  d e f i n e d  more ac-  
c u r a t e l y  on t h e  b a s i s  o f  e x p e r i m e n t a l  d a t a  a s  r e p o r t e d  
l a t e r  i n  t h i s  s e c t i o n .  I t  s h o u l d  be  ment ioned  t h a t  t h e  
p r imary  impac t  r e s p o n s e s  p r e d i c t e d  i n  t h e  MVMA-2D model 
s i m u l a t i o n s  a r e  n o t  a f f e c t e d  by t h e  a c c u r a c y  o f  t h e  un- 
l o a d i n g  p a r a m e t e r s ;  peak a c c e l e r a t i o n s  and peak f o r c e s  oc- 
c u r  d u r i n g  l o a d i n g ,  n o t  d u r i n g  rebound.  
1. Head P r o p e r t i e s :  A d u l t s .  McElhaney, e t  a l .  
(1973,  and King e t  a l ,  1973)  have r e p o r t e d  A-P and L-R 
s t a t i c  l o a d - d e f l e c t i o n  c u r v e s  measured by Messerer ( 1 8 8 0 ) .  
The A-P c u r v e s  f o r  t w e l v e  f r e s h ,  i n t a c t  c a d a v e r  heads  
( a l l  a d u l t s )  a r e  shown i n  F i g u r e  B-5 and were used  i n  t h i s  
s t u d y  a s  t h e  b a s i s  f o r  model ing  s k u l l  s t i f f n e s s .  Shown 
i n  t h e  f i g u r e  i s  what i s  judged t o  be t h e  b e s t  two-segment 
f i t  t o  t h e  twe lve  c u r v e s .  The p o r t i o n  o f  t h e  c u r v e s  f o r  
d e f l e c t i o n s  less t h a n  0.04 i n c h e s  i s  u n i m p o r t a n t  s i n c e  i t s  
ene rgy  c o n t e n t  i s  n e g l i q i b l e .  
Deflection (inches) 
Figure B - 5 .  A-P S t a t i c  Force-Deflect ion Curves f o r  
t h e  Adult Head 
Both the anterior and posterior hemispheres of the 
skull deform significantly in a static test since the skull 
is subjected to external forces on both sides. Thus, in a 
static test, the skull behaves like two (nonlinear) springs 
in series, as illustrated in Figure B-6. The effective 
stiffness for such a system is less than for either compo- 
nent. For example, if each component is linear, then 
Figure B-6. Effective Stiffness of Springs in Series 
which is clearly less than both K1 and K2. If K1 and 
K2 are equal, which is probably approximately true for the 
anterior and posterior hemispheres of the skull, then 
keff = K1/2. 
Since the curves in Figure B-5 were obtained for static 
loading, the two-segment fit is not completely appropriate 
for use in simulation of an impact event. During impact 
loading, the absence of an external force on one side of 
the skull limits deformatiors primarily to one hemisphere. 
In terms of the simple model shown in Figure B-6, the im- 
pact stiffness is K1 or K2, both of which are greater than 
keff from a static test. 
For the purpose of developing a force-deflection curve 
for head impact, it was assumed that the stiffnesses of the 
two skull hemispheres are equal. It is necessary, then, to 
determine the characteristics of identical single-hemisphere, 
nonlinear components of a series element which has the 
two-segment (nonlinear), best-fit, static curve of Figure 
R-5 as a loading curve. The derivation of the component 
curves will not be presented here, but results are shown 
in Figure B-7. 
The derived single-hemisphere loading curve illustrated 
in this figure would be appropriate as the head loading 
curve for A-P impact if the opposite hemisphere did not 
undergo deformation. However, while most of the total de- 
formation can be expected to be in the impacted hemisphere, 
some must be associated with flexure of the opposite hemi- 
sphere. Therefore, the true impact loading curve lies with- 
in an envelope bounded above by the single-hemisphere curve 
and below by the total-skull curve. As no means could be 
determined for placing the curve within this envelope, the 
dashed mid-line curve was taken as the head loading curve 
for impact of the adult skull. The parameters of the two- 
- 
segment curve are K '  = 1.5 K, a' = a ,  and 6' = .75 6,. 
- r 
As = 16000 lb/in, a = .5, and Tr = .06 in from Figure 
B-5, the slopes of the two segments of the impact loading 
curve are K '  = 24000 lb/in and a ' K '  = 12000 lb/in, with 
the first segment ending at 6 '  = .045 in.* 
r 
2. Head Properties: Children. Because calcification 
of the human skull continues until adulthood, the stiffness 
of the child skull is less than the stiffness of the adult 
skull. Accordingly, the adult static and impact loading 
curves of the preceding section are inappropriate for use 
in child fall simulations. 
No data for properties of the child skull are avail- 
able in the literature. Child skull loading curves were 
therefore established in the following manner. 1) The 
* The stiffness of 24000 lb/in compares with Stalnakerls 
(1970) value of 26000 lb/in determined for small deflec- 
tions by driving point impedance testing of a single cada- 
ver skull. 
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DEFLECTION 
- 
K = slope of first segment, total skull 
K = slope of first segment,single hemisphere 
- 
a = ratio of slope of second segment to slope of first 
segment, total skull 
a = ratio of slope of second segment to slope of first 
segment, single hemisphere 
F = deflection at end of first segment, total skull r 
6 = deflection at end of first segment, single hemisphere 
- r 
Fr = force at end of first segment, total skull 
Fr = force at end of first segment, single hemisphere 
Figure B-7, A-P Load-Deflection Curves for Humav Head 
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as sumpt ion  i s  made t h a t  t h e  form o f  t h e  c h i l d  s k u l l  s t a t i c  
l o a d i n g  c u r v e  i s  s i m i l a r  t o  t h a t  o f  an a d u l t ,  i . e . ,  it 
c o n s i s t s  o f  two s t r a i g h t - l i n e  segments  w i t h  s l o p e s  k and 
. 2 )  The same r e l a t i o n s h i p s  a r e  assumed t o  ho ld  between 
t h e  s t a t i c  and impact  l o a d i n g  c u r v e s  f o r  c h i l d r e n  a s  were 
p r e v i o u s l y  d e t e r m i n e d  f o r  a d u l t s ,  i . e . ,  k '  = 1 . 5  k ,  
- - - 5 ,  and 6' = . 75  br. 3 )  The d e f l e c t i o n  a t  t h e  CI' = a  r 
end  o f  t h e  f i r s t  u n l o a d i n g  segment i s  assumed p r o p o r t i o n a l  
t o  head l e n g t h .  4 )  The r a t i o  o f  t h e  c h i l d  s k u l l  s t i f f n e s s  
- - 
t o  a d u l t  s k u l l  s t i f f n e s s ,  r = k/K, i s  e s t i m a t e d  a s  a  func-  
t i o n  o f  age  s o  t h a t  f o r  any age  A ,  t h e  s t a t i c  s k u l l  s t i f f -  
n e s s  i s  
- 
K i s  t h e  e s t a b l i s h e d  a d u l t ,  s t a t i c  s k u l l  s t i f f n e s s  ( f o r  
t h e  f i r s t  l o a d i n g  s e g m e n t ) ,  16000 l b / i n .  The age-depen- 
d e n t  f r a c t i o n  r ( A )  i s  shown i n  F i g u r e  B-8.  
The dependence o f  s k u l l  s t i f f n e s s  on age  i l l u s t r a t e d  
i n  t h e  f i g u r e  was e s t i m a t e d  by t a k i n g  i n t o  accoun t  t h e  f o l -  
lowing  c o n s i d e r a t i o n s :  1) The s k u l l  s t i f f n e s s  a t  b i r t h  
i s  v e r y  s m a l l  i n  comparison w i t h  a d u l t  s t i f f n e s s .  2 )  The 
s k u l l  may be  e x p e c t e d  t o  f o l l o w  t h e  normal  growth c u r v e ,  
which means t h a t ,  a s  a f u n c t i o n  o f  a g e ,  t h e  s t i f f n e s s  s h o u l d  
i n c r e a s e  r a p i d l y  t o  a  p l a t e a u  a t  a b o u t  s i x  t o  n i n e  y e a r s  
and t h e n  i n c r e a s e  f u r t h e r .  3 )  When c a l c i f i c a t i o n  i s  com- 
p l e t e ,  t h e  s k u l l  s t i f f n e s s  becomes i n d e p e n d e n t  o f  age .  
T h e p a r a m e t e r s  u sed  f o r  t h i s  c u r v e  l a r g e l y  r e f l e c t  t h e  judgment 
of a p h y s i c a l  a n t h r o p o l o g i s t  c o n s u l t e d  d u r i n g  t h e  s t u d y  
(Reyno lds ,  p e r s .  comm., 1 9 7 6 ) .  On t h e  b a s i s  o f  comrnunica- 
t i o n s  w i t h  him, s k u l l  s t i f f n e s s  was assumed t o  r e a c h  75% 
o f  a d u l t  s t i f f n e s s  a t  t h e  6-to-9 y e a r  p l a t e a u ,  90% a t  age  
1 3 ,  and 100% a t  age  20,  where c a l c i f i c a t i o n  i s  assumed com- 
p l e t e .  The b i r t h - p o i n t  on t h e  c u r v e  [ r  ( 0 )  1 was e s t i m a t e d  
by h y p o t h e s i z i n g  t h a t  t h e  r a t i o  of  t h e  s k u l l  s t i f f n e s s  o f  
t h e  newborn c h i l d  t o  a d u l t  s k u l l  s t i f f n e s s  may be  

approximated  by t h e  r a t i o  o f  compres s ive  s t r e n g t h s  o f  t h e  
newborn c h i l d  femur and t h e  a d u l t  femur ,  s i n c e  it was pos- 
s i b l e  t o  e s t a b l i s h  t h e  l a t t e r  r a t i o  f rom v a r i o u s  d a t a  i n  
t h e  l i t e r a t u r e  (Yamada, 1 9 7 0 ) .  T h i s  a n a l y s i s  p r e d i c t s  a  
s k u l l  s t i f f n e s s  a t  b i r t h  o f  4 . 1 %  o f  a d u l t  s t i f f n e s s .  
I t  s h o u l d  be n o t e d  t h a t  f o r  a g e s  g r e a t e r  t h a n  a b o u t  one 
y e a r ,  t h e  c u r v e  i n  F i g u r e  B-8 i s  n o t  s e n s i t i v e  t o  t h e  v a l u e  
o f  r ( 0 )  s o  l o n g  as  t h e  c o r r e c t  v a l u e  o f  r ( 0 )  i s  between 
0 and a b o u t  0 . 2 ,  which i s  s u r e l y  t h e  c a s e .  
The f o l l o w i n g  example i l l u s t r a t e s  d e t e r m i n a t i o n  of  
t h e  impac t  l o a d i n g  c u r v e  p a r a m e t e r s  o f  t h e  s k u l l  o f  a  
c h i l d  o f  age  1 3  w i t h  a  head  l e n g t h  o f  7 .3  i n c h e s  (18.54 c m ) .  
The s t a t i c  s k u l l  s t i f f n e s s  ( f i r s t  segment )  i s  found a s  
p r e v i o u s l y  d e s c r i b e d  a s :  
From F i g u r e  B-8, r ( 1 3 )  i s  0 .90 ,  s o  
The s l o p e  o f  t h e  second  segment  o f  t h e  l o a d i n g  c u r v e  i s  
- - 
(xk, o r  7200 l b / i n  s i n c e  B i s  . 5 .  6 r  i s  s c a l e d  by head 
l e n g t h  a s  p r e v i o u s l y  d e s c r i b e d  t o  o b t a i n  t h e  d e f l e c t i o n  
a t  t h e  end o f  t h e  f i r s t  segment a s  
6 = -  1 8 * 5 4  ( .  06  i n )  = .0585 i n c h e s ,  r 19 .0  
where .06 i n c h e s  i s  t h e  a d u l t  xr v a l u e ,  1 9 . 0  c m  i s  t h e  
a v e r a g e  a d u l t  head l e n g t h ,  and 18 .54  cm i s  t h e  example 
13-year  o l d ' s  head  l e n g t h .  T h i s  c o m p l e t e l y  e s t a b l i s h e s  
t h e  s t a t i c  l o a d i n g  c u r v e .  The p a r a m e t e r s  f o r  t h e  impact  
l o a d i n g  c u r v e  a r e  t h e n  
f o r  t h e  f i r s t  segment and 
6' = . 7 5  6, = 0.0439 i n c h e s  r 
f o r  t h e  d e f l e c t i o n  a t  t h e  end o f  t h e  f i r s t  segment .  The 
second-segment s t i f f n e s s  i s  . 5  k ' ,  o r  10800 l b / i n .  
3. Ches t  P r o p e r t i e s .  L o b d e l l ,  e t  a l . ,  ( i n  King and 
Mertz ,  1 9 7 3 ) ,  r e p o r t  b l u n t  impac t  f o r c e - d e f l e c t i o n  re- 
sponse  of  t h e  c h e s t  f o r  male and f ema le ,  embalmed and 
unembalmed c a d a v e r s .  F i g u r e  B-9 shows t h e  ave rage  f o r c e -  
d e f l e c t i o n  cu rve  f o r  e i g h t  unembalmed, a d u l t  cadave r s  f o r  
16-mph impacts  w i t h  a  51 l b .  s t r i k e r . *  S t anda rd  t e s t  
p rocedures  were used w i t h  a  s t r i k e r  o f  s i x - i n c h  d i a m e t e r .  
S i x  of  t h e  c a d a v e r s  were male and two were f ema le ,  b u t  
t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  peak dynamic 
l o a d s  ( 1 3 % ,  max-to-min) . 
The cu rve  i n  t h e  f i g u r e  was judged t o  be a p p r o p r i a t e  
a s  a  b a s e l i n e  f o r  an ave rage  a d u l t  male.** Th i s  cu rve  
was pa rame te r i zed  and r e p r e s e n t e d  by a  p i e c e w i s e - l i n e a r  
form f o r  l o a d i n g .  F i g u r e  B-10 i l l u s t r a t e s  t h e  p a r a m e t e r i z e d  
cu rve .  S i n c e  s a t u r a t i o n  i s  c h a r a c t e r i s t i c  f o r  dynamic c h e s t  
l o a d i n g  e x c e p t  f o r  ex t reme d e f l e c t i o n s ,  t h e  l o a d i n g  c u r v e  
i s  made c o n s t a n t  a t  1100 l b  a t  3 .0  i n c h e s ,  where dynamic 
un load ing  b e g i n s  f o r  t h e  i m p a c t - t e s t  c u r v e  i n  F i g u r e  B-9. 
Unloading c u r v e s  o f  q u a d r a t i c  form a r e  computed by 
t h e  s i m u l a t i o n  model. The c o e f f i c i e n t s  o f  t h e  q u a d r a t i c  
cu rve  a r e  f u n c t i o n s  o f  two m a t e r i a l  p r o p e r t i e s  which must 
be p r e s c r i b e d  t o g e t h e r  w i t h  t h e  l o a d i n g  cu rve .  These two 
i n p u t s  d e f i n e  t h e  un load ing  h y s t e r e s i s  a s  f u n c t i o n s  o f  t h e  
" turn-around"  d e f l e c t i o n .  The f i r s t  i s  t h e  r a t i o  of  pe r -  
manent d e f l e c t i o n  t o  tu rn-around d e f l e c t i o n .  For t h e  
r e sponse  cu rve  i n  F i g u r e  B-9, t h i s  r a t i o  i s  g r e a t e r  t h a n  0 . 5 .  
For t h i s  s t u d y  a  c o n s t a n t  v a l u e  o f  0 . 5  was assumed, i nde -  
pendent  of  tu rn-around d e f l e c t i o n .  The second p r o p e r t y  i s  
% L o b d e l l ,  e t  a l . ,  a d j u s t e d  t h e i r  o r i g i n a l  d a t a  by a  con- 
s t a n t  150 l b .  t o  accoun t  f o r  maximal muscle t e n s i n g .  
* *  L o b d e l l ,  e t  a l . ,  s u q g e s t  t h a t  t h e i r  s k e l e t a l  d e f l e c t i o n  
c u r v e s  d i f f e r  from t o t a l  t h o r a c i c  d e f l e c t i o n  by 1 / 2  t o  
3/4  i n c h .  The t o t a l  t h o r a c i c  d e f l e c t i o n  shown i n c l u d e s  
1/2 i n c h  o f  s o f t - t i s s u e  d .eformat ion.  
FORCE ( 1  
DEFLECTION ( i n c h e s )  
Figure B-9.  Average dynamic force-deflect ion c h a r a c t e r i s t i c s  
of the  ches t  f o r  unembalmed cadavers using 51  l b .  
s t r i k e r  a t  1 6  mph 
FORCE 
DEFLECTION ( i n c h e s )  
Figure B - 1 0 .  I d e a l i z e d  C h e s t  Loading Curve 
t h e  r e s t i t u t i o n  c o e f f i c i e n t ,  o r  c o e f f i c i e n t  of e l a s t i c i t y .  
T h i s  i s  t h e  f r a c t i o n  of  t o t a l  l o a d i n g  ene rgy  n o t  l o s t  t o  
h y s t e r e t i c  a b s o r p t i o n  upon comple te  un load ing .  F i g u r e  
B-9 shows n e a r l y  a l l  a r e a  ( e n e r g y )  under  t h e  l o a d i n g  c u r v e  
t o  be l o s t .  T h e r e f o r e ,  a  v a l u e  o f  0 . 0 5  i s  t a k e n  a s  appro-  
p r i a t e  i f  t h e  t u rn -a round  d e f l e c t i o n  i s  g r e a t e r  t h a n  o r  e q u a l  
t o  two i n c h e s  f o r  u n l o a d i n g  f rom t h e  b a s e l i n e  l o a d i n g  
c u r v e .  S i n c e  a l l  m a t e r i a l s  a r e  e l a s t i c  i n  t h e  l i m i t  a s  
d e f l e c t i o n s  app roach  z e r o ,  t h e  r e s t i t u t i o n  c o e f f i c i e n t  
f o r  z e r o  d e f l e c t i o n  i s  1. A v a l u e  o f  0 . 6  i s  e s t i m a t e d  f o r  
a  d e f l e c t i o n  of  one i n c h  from c u r v e s  i n  t h e  r e f e r e n c e .  
The p o i n t s  and l i n e  segments  j u s t  d e s c r i b e d  d e f i n e  a  p i e c e -  
w i s e - l i n e a r  r e p r e s e n t a t i o n  o f  t h e  r e s t i t u t i o n  c o e f f i c i e n t  
a s s o c i a t e d  w i t h  u n l o a d i n g  f rom t h e  l o a d i n g  c u r v e  i n  F i g u r e  
R-10, a s  a  f u n c t i o n  of  t u rn -a round  d e f l e c t i o n .  
S c a l i n g  of  t h i s  p a r a m e t e r i z e d  c h e s t  d a t a  t o  o b t a i n  
c h i l d  d a t a  was done u s i n g  t e c h n i q u e s  d i s c u s s e d  and i l l u s -  
t r a t e d  i n  S e c t i o n s  C ,  D l  and E .  The i n i t i a l  segment of 
t h e  l o a d i n g  c u r v e  i s  p a r a m e t e r i z e d  by i t s  s l o p e  and end- 
p o i n t  d e f l e c t i o n .  The s l o p e  i s  a  l i n e a r  s t i f f n e s s  c o e f f i -  
c i e n t  and was t h e r e f o r e  s c a l e d  on t h e  b a s i s  o f  t h e  cube r o o t  
o f  t h e  body-mass r a t i o . *  The segment l e n g t h s  6 r  and ( 6  - 6 ) P r 
were s c a l e d  by t h e  c h e s t - d e p t h  r a t i o  (See  F i g u r e  B - 1 0  
f o r  h 6 , F r ,  and F ) .  The s a t u r a t i o n  f o r c e  l e v e l  F 
r f  P P  P  
was s c a l e d  t o  be  p r o p o r t i o n a l  t o  t h e  v a l u e  F e s t a b l i s h e d  r 
a s  t h e  f i r s t - s e g m e n t  s l o p e  m u l t i p l i e d  by 6 . For  u n l o a d i n g ,  r 
t h e  r a t i o  o f  permanent  d e f o r m a t i o n  t o  t u rn -a round  d e f l e c t i o n  
was h e l d  c o n s t a n t  a t  0 . 5  f o r  a l l  s u b j e c t s .  Segment e n d - p o i n t  
d e f l e c t i o n s  f o r  t h e  d e f l e c t i o n - d e p e n d e n t  r e s t i t u t i o n  coe f -  
f i c i e n t  were  s c a l e d  on c h e s t  d e p t h .  
4 .  Hip P r o p e r t i e s .  There  a r e  no d a t a  i n  t h e  l i t e r a -  
t u r e  t h a t  a r e  u s e f u l  f o r  d e v e l o p i n g  a  r e a s o n a b l e  l o a d i n g  
* The " a v e r a g e  a d u l t  male"  i s  a s s i g n e d  a  body w e i g h t  o f  
1 6 7  l b  and a  c h e s t  d e p t h  o f  9 i n c h e s .  
c u r v e  f o r  t h e  h i p  e l l i p s e .  I t  was found i n  s i m u l a t i n g  t h e  
dummy d r o p  t e s t s  t h a t  a  h i p  s t i f f n e s s  o f  t h r e e  t i m e s  t h e  
c h e s t  s t i f f n e s s  gave p r e d i c t e d  p e l v i s  g - l e v e l s  t h a t  were 
i n  good agreement  w i t h  t e s t  r e s u l t s .  T h e r e f o r e ,  q u i t e  
a r b i t r a r i l y ,  h i p  f o r c e - d e f l e c t i o n  c u r v e s  f o r  t h e  human sub- 
j e c t s  were se t  a s  t h r e e  times t h e  c h e s t  c u r v e s .  The permanent- 
de fo rma t ion  r a t i o  and r e s t i t u t i o n  c o e f f i c i e n t  were t a k e n  a s  
c o n s t a n t ,  however,  bo th  0 .1 .  
5 .  Knee-Femur P r o p e r t i e s .  P rope r  d e f i n i t i o n  of  t h e  
l o a d i n g  p r o p e r t i e s  o f  t h e  knee i s  d i f f i c u l t  f o r  any s imula-  
t i o n  model t h a t  does  n o t  have a  l a r g e  number of  d e g r e e s  o f  
freedom. Even t h e n ,  t h e  t a s k  would h a r d l y  be e a s i e r  be- 
c a u s e  o f  t h e  n o n - a v a i l a b i l i t y  o f  p e r t i n e n t  d a t a .  The 
phenomena t h a t  c o u l d  r e a s o n a b l y  be c o n s i d e r e d  i n  p r e d i c t i n g  
knee- load r e s p o n s e  t o  impact  i n c l u d e  compress ion  o f  t h e  
p a t e l l a ,  d i s p l a c e m e n t  o f  t h e  p a t e l l a ,  bowing o f  t h e  femur,  
and p i v o t i n g  of  t h e  p e l v i s  i n  r e s p o n s e  t o  a x i a l l y - t r a n s m i t t e d  
femur l o a d s .  I n  t h e  MVMA 2-D  model,  t h e s e  phenomena can  be 
r e p r e s e n t e d  o n l y  th rough  t h e  m a t e r i a l  p r o p e r t i e s  a s s i g n e d  
t o  a  knee e l l i p s e .  T h e i r  e f f e c t s  c a n n o t  be r e p r e s e n t e d  
by a s u p e r p o s i t i o n  o f  f o r c e - d e f l e c t i o n  c u r v e s  s i n c e  
a l l  r e q u i r e  i ndependen t  d e g r e e s  o f  freedom. De- 
f l e c t i o n s  o f  t h e  knee f o r  impac t s  o f  t h e  t y p e s  i n v e s t i g a t e d  
i n  t h i s  s t u d y  a r e  e x p e c t e d  t o  be a f f e c t e d  most s i g n i f i c a n t l y  
by bowing of  t h e  femur r e s u l t i n g  from a x i a l  and t r a n s v e r s e  
impact  l o a d i n g s  a t  t h e  d i s t a l  end o f  t h e  femur and i n e r t i a l  
p e l v i c  l o a d i n g s  a t  t h e  p rox ima l  end .  
Data a r e  a v a i l a b l e  from which an e f f e c t i v e  "knee s t i f f -  
n e s s "  can be e s t i m a t e d  which w i l l  r e p r e s e n t  r e s i s t a n c e  t o  
d e f l e c t i o n s  a s s o c i a t e d  w i t h  femur bowing. Yamada (1970)  
p r e s e n t s  r e s u l t s  r e p o r t e d  by Motoshima (1960)  f o r  l oad -  
d e f l e c t i o n  c u r v e s  i n  bending  of  wet  femur bones of  human 
a d u l t s .  Curves f o r  bending  i n  t h e  a n t e r o p o s t e r i o r  and 
l a t e r o m e d i a l  d i r e c t i o n s  a r e  v i r t u a l l y  i d e n t i c a l .  Other  
d a t a  from Motoshima's  work a l l o w  c a l c u l a t i o n  of  l e n g t h  o f  
t h e  femurs t e s t e d  ( u l t i m a t e  d e f l e c t i o n  d i v i d e d  by u l t i m a t e  
s p e c i f i c  d e f l e c t i o n ) .  The l o a d - d e f l e c t i o n  d a t a  f o r  bending ,  
t h e  l e n g t h  d a t a ,  and t h e  assumption t h a t  t h e  bone bends 
w i t h  c o n s t a n t  c u r v a t u r e  a l l o w  c a l c u l a t i o n  o f  a  l oad -de f l ec -  
t i o n  cu rve  f o r  a x i a l l y - a p p l i e d  end l o a d s  t h a t  i nduce  bowing. 
I t  i s  a l s o  p o s s i b l e  t o  c a l c u l a t e  t h e  compress ive  s t i f f n e s s  
o f  t h e  femur bone from t h e  femur l e n g t h  and d a t a  g iven  by 
Yamada f o r  compress ive  b r e a k i n g  l o a d  ( p .  49) and u l t i m a t e  
p e r c e n t a g e  c o n t r a c t i o n  ( p .  20) s i n c e  t h e  l o a d i n g  cu rve  i s  
shown t o  be l i n e a r  t o  f a i l u r e  ( p .  5 2 ) .  Both t h e  bowing 
and compression c u r v e s  f o r  a x i a l  l o a d i n g  a r e  found t o  be 
n e a r l y  l i n e a r ,  w i t h  s l o p e s  of  3751 l b / i n  and 40,500 l b / i n ,  
r e s p e c t i v e l y .  Thus,  t h e  e f f e c t i v e  "knee s t i f f n e s s "  f o r  
a x i a l  l o a d i n g  o f  t h e  femur was t aken  t o  be  (3751) x  (40500) + 
(3751 + 40500) ,  o r  3433 l b / i n .  
For t r a n s v e r s e  l o a d i n g  a t  t h e  knee ,  bending of  t h e  
femur,  r a t h e r  t h a n  bowing, i s  t h e  more a p p r o p r i a t e  mode 
f o r  k n e e - e l l i p s e  d e f l e c t i o n .  T h e r e f o r e ,  f o r  l o a d i n g  i n  
t h i s  d i r e c t i o n ,  Motoshima's l o a d - d e f l e c t i o n  cu rve  f o r  f e -  
mur bending  may be used.  Th i s  c u r v e  i s  less l i n e a r  t h a n  
t h e  bowing cu rve  b u t  i s  r e a s o n a b l y  approximated by a  l i n e a r  
l o a d i n g  w i t h  s l o p e  1251 l b / i n .  
Thus,  t h e  knee s t i f f n e s s  i s  bounded by 3433 l b / i n  f o r  
knee-impact l o a d s  a l o n g  t h e  l i n e  o f  t h e  femur and 1251 l b /  
i n  f o r  knee l o a d s  p e r p e n d i c u l a r  t o  t h e  femur.  Femur a n g l e s  
o f  0 = 0' and 0 = 90' i n  F i g u r e  B - 1 1  produce t h e s e  
r e l a t i v e  l o a d i n g  d i r e c t i o n s .  A s  t h e r e  were no means o f  
e s t a b l i s h i n g  v a l u e s  of  s t i f f n e s s  f o r  impac t  a n g l e s  between 
O 0  and 9 0 ° ,  a  l i n e a r  i n t e r p o l a t i o n  on 0 was a r b i t r a r i l y  used:* 
f o r  
0 - 0 - ., 90° ,  where k ( 0 )  = 2  x 3433 l b / i n  and k ( 9 g 0 ) =  2 x 1251 l b / i n .  
* I t  might  a l s o  have been r e a s o n a b l e  t o  i n t e r p o l a t e  l i n e a r l y  
on t h e  f u n c t i o n  s inO/s in  9 0 ' .  
Figure B-11. Femur Contact Angle 
Here, factors of 2 are introduced for k(0) and k(90°) since 
the single knee ellipse in the MV14A 2-D (planar) simula- 
tions must produce the combined load for simultaneously 
striking knees in a real free-fall impact. 
It is not possible to prescribe as input to the MVMA 
2-D model a material stiffness that has a dependence on impact 
angle, such as expressed in the foregoing result. Stiffnesses, 
that is, load-deflection curve slopes, can be prescribed 
only as functions of deflection. Therefore, in order 
to make use of the above result for knee stiffness, it 
was necessary to estimate the femur angled at knee impact 
for each simulation. This approach was used since it was 
not practical to make a second run of each simulation using 
a knee stiffness evaluated with the femur angle 0 at 
knee impact established from a first (trial) run. With the 
aid of the two test runs, a procedure was developed for pre- 
dicting the angle O for both head-first falls and foot-first 
falls. This procedure proved to be realiable enough in pre- 
dicting 0 so that it was necessary to repeat only two simu- 
lations. Error introduced into k (0) by differences between 
predicted and actual simulation values for 0 are probably 
not significant in comparison with variance of k(0) from 
t r u e  human knee-femur s t i f f n e s s  s i n c e  numerous a s sumpt ions  
were made i n  e s t a b l i s h i n g  k  (8). 
E v a l u a t i o n  o f  t h e  e x p r e s s i o n  f o r  k ( O )  was c o n s i d e r e d  
t o  g i v e  a  knee-femur s t i f f n e s s  a p p r o p r i a t e  f o r  an a d u l t  o f  
a v e r a g e  s i z e .  The we igh t  o f  such  an  " a v e r a g e  a d u l t "  was 
t a k e n  a s  147.5 l b . ,  t h e  a v e r a g e  o f  a d u l t  male and female  
a v e r a g e  w e i g h t s ,  167 and 128 l b s  (Damon, e t  a l . ,  1 9 7 1 ) .  
S t i f f n e s s e s  f o r  s i m u l a t i o n  s u b j e c t s  o f  mass M were t h e n  
s c a l e d  from t h e  v a l u e  o f  k ( e )  by t h e  cube  r o o t  of  t h e  mass 
r a t i o ,  (Mg/147.5) 'I3. 
6.  Foot  P r o p e r t i e s .  I t  was e x p l a i n e d  i n  S e c t i o n  F  
t h a t  t h e  MVMA-2D model does  n o t  have an a r t i c u l a t i o n  a t  t h e  
a n k l e .  I t  was n o t  p o s s i b l e  t o  f i n d  t o r q u e - d e f l e c t i o n  
d a t a  f o r  t h e  a n k l e  t h a t  might  be used  t o  d e f i n e  an  e l l i p s e  
m a t e r i a l  t h a t  would a r t i f i c i a l l y  accoun t  f o r  f o o t  a r t i c u l a -  
t i o n .  Accord ing ly ,  f o r  f a l l s  o n t o  t h e  head ,  t h e  f o o t  s t i f f -  
n e s s  was a r b i t r a r i l y  t a k e n  a s  o n e - f o u r t h  o f  t h e  s c a l e d  knee 
s t i f f n e s s  a t  0 = 0  ( t h e  s m a l l e s t  v a l u e  i n  t h e  r ange  O 0  
t o  9 0 ' ) .  These v a l u e s  may be  most a p p r o p r i a t e  f o r  t h e  
s i m u l a t e d  head  f a l l s  i n  which t h e  f a l l  v i c t i m  l anded  on 
t h e  f r o n t  o f  h i s  body (Cases  21,  59 ,  110 ,  and 61)  s o  t h a t  
f o o t  d e f l e c t i o n s  s h o u l d  have been due l a r g e l y  t o  a r t i c u l a -  
t i o n  a t  t h e  a n k l e .  
For a l l  s i m u l a t e d  f o o t - f i r s t  f a l l s ,  t h e  impact  o r i e n t a -  
t i o n  was such  t h a t  f o o t  a r t i c u l a t i o n  a t  t h e  a n k l e  s h o u l d  
n o t  have s i q n i f i c a n t l y  a f f e c t e d  t h e  peak f o o t  l o a d ,  which 
was s u r e l y  t r a n s m i t t e d  a l m o s t  d i r e c t l y  t h r o u g h  t h e  h e e l .  
For t h e s e  f a l l s ,  it was f e l t  t h a t  t i b i a  bowing might  be t h e  
most s i g n i f i c a n t  f a c t o r  i n  r e a s o n a b l e  r e p r e s e n t a t i o n  of  
t h e  e f f e c t i v e  f o o t  s t i f f n e s s .  Motoshima's  r e s u l t s  f o r  bending  
of  t h e  l o n g  bones o f  t h e  lower  l e g  (Yamada, 1970)  i n d i c a t e  
t h a t  t h e  f i b u l a  may be  n e g l e c t e d  i n  comparison w i t h  t h e  
t i b i a ,  which h a s  a  f o r c e - d e f l e c t i o n  c u r v e  n e a r l y  i d e n t i c a l  
t o  t h a t  f o r  t h e  femur.  S i n c e  t h e  femur and t i b i a  a r e  a l s o  
n e a r l y  e q u a l  i n  l e n g t h ,  t h e  r e s u l t s  p r e v i o u s l y  d e t e r m i n e d  
f o r  knee-femur s t i f f n e s s  a p p l y  - .  f o r  t h e  f o o t - t i b i a  s t i f f n e s s ;  
t h a t  i s ,  t h e  e x p r e s s i o n  f o r  k ( 0 )  i s  a p p l i c a b l e  and t h e  
v a l u e s  de t e rmined  f o r  k ( 0 )  and k ( 9 0 ° )  may s t i l l  be u s e d .  
However, 0 i s  now i n t e r p r e t e d  a s  t h e  l ower - l eg  a n g l e  a t  i m -  
p a c t ,  which i s  a lways  known a s  an  i n i t i a l  c o n d i t i o n  f o r  f o o t -  
f i r s t  f a l l s .  
H .  F a l l s  Onto S o i l  
I n  a l l  f r e e - f a l l  c a s e s  s i m u l a t e d  i n  t h i s  s t u d y ,  t h e  
f a l l  v i c t i m  s t r u c k  a  s u r f a c e  t h a t  was u n y i e l d i n g  i n  compari-  
son w i t h  any p a r t  o f  t h e  human body. A v a r i e t y  of  s u r -  
f a c e s  were i n v o l v e d ,  b u t  a l l  c o u l d  be a c c u r a t e l y  r e p r e s e n t e d  
a s  i n f i n i t e l y  r i g i d  f o r  t h e  computer  s i m u l a t i o n s .  I n  
o r d e r  t o  c o n t r a s t  f o r c e s  and g - l o a d i n g s  p r e d i c t e d  f o r  t h e s e  
f a l l s  w i t h  t h e  dynamic r e s p o n s e  f o r  less s e v e r e  impac t  con- 
d i t i o n s ,  f o u r  o f  t h e  s i m u l a t i o n s  were r e p e a t e d :  f i r s t ,  
f o r  a  f a l l  s u r f a c e  o f  "Nevada sand"  a n d ,  s econd ,  f o r  "lawn 
s o i l .  " 
I n  work done t o  e n s u r e  t h a t  t h e  l a n d i n g  pads  of  t h e  
Lunar Module used  i n  t h e  Apo l lo  s p a c e - f l i g h t  program had 
s u f f i c i e n t  s u r f a c e  a r e a  t o  s u p p o r t  t h e  LM on p o s s i b l y -  
s o f t  l u n a r  s o i l ,  a  s e r i e s  o f  t e s t s  were per formed w i t h  
s e v e r a l  k i n d s  o f  s o i l  (Aero N u t r o n i c ,  1 9 6 5 ) .  
The f i r m e s t  s o i l  s t u d i e d  was Nevada s a n d  (120 m e s h ) ,  com- 
p a c t e d  t o  94 l b / f t 3 .  The r e s i s t a n c e  f o r c e  a s  a  f u n c t i o n  o f  
p e n e t r a t i o n  d e p t h  was d e t e r m i n e d  f o r  s p h e r i c a l l y - s h a p e d  
p r o b e s  o f  2 .5 - inch  and 4- inch  d i a m e t e r s  (D) and f o r  a  4- 
i n c h  d i a m e t e r  d i s k .  The f o r c e - p e n e t r a t i o n  d e p t h  c u r v e s  
a r e  shown i n  F i g u r e  B-12. These t e s t s  show t h e  r e s i s t a n c e  
f o r c e  t o  have a  n e a r l y  l i n e a r  dependence on p e n e t r a t i o n  
d e p t h  and a l s o  show t h e  r e s i s t a n c e  t o  be  n e a r l y  p r o p o r t i o n a l  
t o  t h e  c r o s s - s e c t i o n a l  a r e a  o f  t h e  p robe .  Thus ,  t h e  
f o r c e  p e r  u n i t  o f  p e n e t r a t i o n  p e r  u n i t  c r o s s - s e c t i o n a l  a r e a  
o f  t h e  p robe  i s  n e a r l y  c o n s t a n t ,  i n d e p e n d e n t  o f  b o t h  pene- 
t r a t i o n  d e p t h  and p robe  a r e a .  For  p e n e t r a t i o n s  l e s s  t h a n  

about eight inches, the resistance force is reasonably well 
represented by 
F~evada sand = [5.92 lb/in/in2 x A] x 6 
where A is the cross-sectional area ~ ~ 2 / 4  and 8 is the 
penetration depth. The expression on the right-hand side 
of this relation has the form of a deflection multiplied by 
a linear stiffness coefficient, 
Four simulations were made for hypothetical falls onto 
Nevada sand. Except for the impact surface, the data sets 
were identical in every respect to the "preferred-orienta- 
tion" input data for Cases #21, 59, 61, and 87. These 
are all head-first falls, and for the soil falls, the im- 
pact dynamics were investigated only for the duration for 
which the head was the only body part in contact with the 
soil. In accordance with the relations determined above, 
the effective soil stiffnesses for these four cases were 
taken to be 5.92 lb/in/in2 multiplied by estimates of cross- 
sectional head area for the respective subjects. These 
estimates were taken as ~ 2 / 4 ~ ,  where C is the head cir- 
cumference. 
Although Nevada sand was the firmest soil for which 
directly applicable data was available, it was desired to 
simulate falls onto firmer soil as well since Nevada sand 
is much softer than soils that are typically involved in 
free-fall impacts. Soil penetrometer data from the on- 
site investigations indicate that typical lawn soil can be 
expected to be about eight times as "stiff" as sand. There- 
fore, four simulations for "lawn-soil" impact were made 
with soil stiffnesses of 
k soil = 47.4 lb/in/inz x A. 
Table B - 1  
Conversion Constants Relating Enylish and SI Units 
Length 
1 inch = 2.54 crn 
1 mile = 1.609 km 
Area 
2 
1 in = 6.4516 crn 2 
Volume 
3 1 ft = 0.02832 m 3 
Force 
1 lb = 4,4482 N 
Load-deflection stiffness 
1 lb/in = 1.7513 N/cm 
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Huron Parkway and Baxter Road 
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(31 3 )  763-3582 
I I I t  I INIVt.KSI 1 Y OI MICt II(;AN 
MEDICAL RECORDS RELEASE 
TO WHOM IT MAY CONCERN: 
I hereby author ize  the  tempora,ry r e l ease  of complete 
medical records and x-rays concerning my f a l l  on 
t o  D r .  Richard G .  Snyder, Head, Biomedical Department, 
HSRI, The University of Michigan, Ann Arbor, Michigan, 
T h i s  information is f o r  medical research purposes 
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Institute of Science and Trc hnology 
Huron Parkway and Bax1t.r Road 
Ann Arbor, Mich~gan 48105 ( 3 1  3)  763-3582 
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TO WHOM I T  MAY CONCERN: 
I hereby au thor ize  t he  temporary r e l e a s e  of complete 
medical records and x-rays concerning the  f a l l  of 
t o  
Dr. Richard G .  Snyder, Head, Biomedical Department, 
HSRI, The University of Michigan, Ann Arbor, llichigan. 
This information i s  f o r  medical research purposes 
only and w i l l  be kept i n  confidence. 
(Signature) 
(Relationship t o  Pa t i en t )  
(Address) 
(Date) 
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APPENDIX D 
HEAD EFFECTIVE MASS 

APPENDIX D 
HEAD EFFECTIVE MASS 
"Effective mass" is the term used for a lumped mass for 
which dynamic response to impact against a rigid surface will 
approximate a primary response of a more complex system sub- 
jected to the same impact conditions (See Figure D-1). Dif- 
ferent definitions are possible. In general, definitions 
are based on holding constant some basic response parameter. 
It may be maximum deflection, maximum acceleration, maximum 
absorbed energy, or some derived paramater such as a Head 
Injury Criterion (HIC) number. 
In this study, effective head masses were calculated on 
the basis of holding maximum absorbed energy constant. For 
each of seven subjects for which head falls were simulated 
with the MVMA 2-D model, discussed in Appendix B, maximum 
simulated head deflections were noted. The area under the 
head loading curve to maximum head deflection is in each case 
the maximum head absorbed energy, which mustalso equal the maxi- 
mum absorbed energy and hence the impact kinetic energy 
of the effective mass. Therefore, the effective head mass 
may be calculated as the area under the head loading curve 
in the MVMA 2-D simulation divided by half the square of 
the impact velocity. 
The ratios of head effective mass to total body mass 
and head effective mass to total head mass were determined 
for each of the seven subjects. The subjects ranged in age 
from one to 21, and various impact angles were represented. 
The two mass ratios were not determined to be sensitive to 
body orientation at impact*, but apparent relationships were 
demonstrated between these ratios and total body weight. 
These are shown in Figure D-2. Since subject 59 was the 
only adult in this group (age 21), the ends of the curves 
toward higher body weights are not well established. 
*The range of ratios of effective head mass to total body 
mass was .13 to .25 with a mean of ,183 and a standard 
derivation of .017. There was no noticeable relationship 
to impact angle. 
f i s )  
Hard Surface '. 
F i g u r e  D - 1 .  Lumped Mass M wi t .h  Head L o a d - D e f l e c t i o n R e l a t i o n  F = f ( 6 )  
Using these curves to determine head effective mass as 
a function of either total body weight or total head weight 
and total body weight, it should be possible to estimate 
the dynamic response parameters for the head for any sub- 
ject in a head-first fall with any impact orientation for 
any impact velocity which results in a maximum deflection 
for which the head loading curve for such a subject, as de- 
veloped in Appendix B, is valid. All response parameters of 
interest are derivable from a computer solution of the simple, 
single-variable, nonlinear differential equation below: 
Here, Meff is the established effective head mass, 6 (t) is 
the head deflection, f(6) is the nonlinear dynamic head 
load-deflection relationship for the subject simulated, and 
VZ is the vertical component of the impact velocity. Re- 
sponse parameters determined from the solution of the 
differential equation can be plotted against injury measures 
such as maximum head AIS in order to investigate hypothe- 
sized head impact tolerance relationships. 
This approach to the establishment of injury tolerances 
may have great potential because it can be applied with a 
relatively small amount of effort to any large number of 
head-first falls for which only impact velocity and weight 
and age of the fall victim need beknown. Effective head mass 
is determined from a curve in Figure D-2 established from 
whole-body simulations with the MVMA 2-D model, and head 
loading curves are easily expressed as a function of age as 
reported in Appendix B. 
Body Weight, Ib. 
F i g u r e  D - 2 .  Relationships between Effective Mass ~ a t i o s  
and Total Body Weight. 


